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Freedom, Bondage, and the Welfare State 


Horace W. Stunkard 
Department of Biology, New York University, New York 


HE subject of this article (7), is not new; it 

has been treated by many writers since an- 

cient times and is familiar in certain particu- 

lars to all zoologists. It pertains to all kinds 
of animals, including human ones. To review well- 
known facts, to examine their implications, and to see 
how they are related to present-day trends and tend- 
encies is, however, distinetly worth while. 

One of the objectives of the AAAS, as set forth in 
its constitution, is “to improve the effectiveness of 
science in the promotion of human welfare, and to 
inerease public understanding and appreciation of 
the importance and promise of the methods of science 
in human progress.” Since zoology is concerned with 
the facts and principles of animal life, information 
obtained from the study of other animals is applicable 
to the human species. In the preface to his textbook, 
Animal Biology, the late Robert H. Wolcott stated 
(2), 

Man, as the highest of animals, can learn by the 
study of animal life the principles of the most effec- 
tive living. Every problem concerned with living is 
essentially a biological problem and capable of analy- 
sis and solution by the application of biological 
principles. 

Although the interrelations .of human society are 
more complex than those of lower, or at least simpler, 
creatures, the fundamental and basic tenets of animal 
associations, those that are consistently manifest in all 
’ groups of animals, may properly be considered in re- 
spect to the species, Homo sapiens. Certain of these 
associations and their effects appear so constantly, so 
regularly, and so universally that conclusions based 
on them may be accepted as valid. 

In the last stanza of his poem, Die Weltweisen, 
Schiller declared that the edifice of the world is main- 
tained by “the impulses of hunger and love. If we 
translate this poetic expression into more prosaic and 
mundane terms, the primary and impelling motives in 
the lives of animals are those concerned with self- 
preservation and reproduction. The basie necessities 
of individual existence and racial preservation are 
food, shelter, and the opportunity for reproduction. 
All these perquisites are sometimes included in the 
term security, which has been much emphasized in 
recent years, and which is connoted in the term wel- 
fare state. It may be applied to any group of organ- 
isms and is not intended to refer merely to political 
entities, although certain implications may be in 
order, 

All animals seek security, as defined, and in those 
attempts they relinquish certain of their freedoms and 
become more or less dependent. Concomitantly, they 
accept certain hazards associated with the loss of 
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freedom. The advantages obtained are offset by coin- 
cident dangers and frequently by disastrous conse- 
quences. The surrender of freedom is often, perhaps 
usually, the result of fear, although frequently it is 
made on promised alleviation of distressing conditions. 
But the promised advantages are often illusory, and 
the bondage imposed as a result of dependency is per- 
sistent. As an animal or group becomes dependent, 
recovery of an independent status becomes increas- 
ingly difficult. The welfare state—security with con- 
tingent subjection and dependency—offers an easy 
way of life, but it is a slippery path, which by a slow, 
gradual process leads to loss of integrity, greater 
bondage, and eventual degradation. 

The most conspicuous examples of the welfare state 
are found among the sedentary, sessile, and parasitic 
species. All have descended from free-living, indepen- 
dent ancestors. The sessile and sedentary species are 
largely marine invertebrates of long, if not distin- 
guished, lineage and include the coelenterates, the 
tubicolous annelids and mollusks, the priapulids, echi- 
urids, sipunculids, the bryozoans and brachiopods, the 
barnacles, the phoronids, and the tunicates. These 
animals have diverse ancestries; indeed, most of the 
phyla have representatives that have adopted an at- 
tached mode of life. The parasites comprise a separate 
category, and this group contains representatives of 
most of the phyla, although the great majority are 
found among the protozoans, worms, and arthropods. 

The larval stages of most sessile and sedentary or- 
ganisms are free-swimming, which provides for dis- 
persal of the species; but, after a period of buffeting 
by the waves, the larva attaches, undergoes metamor- 
phosis, and settles down to a fixed abode. If the loca- 
tion is covered by sand or silt, the supply of food and 
oxygen is cut off and the animal, unable to migrate to 
a more favorable site, is subjected to all the hazards 
of an uncertain tenure. Moreover, with the assump- 
tion of a sessile existence, the original form may be 
greatly modified. Folds of the body wall often secrete 
a shell, and the original bilateral symmetry may be 
replaced by a more or less radial one. The cephalic 
organs undergo regression, together with the nervous 
and muscular structures concerned with locomotion. 
New and adaptive structures are developed which 
compensate for the degenerative changes and enable 
the animal to survive in the restricted environment. 
Unable to move about and obtain food, sessile forms 
become largely filter-feeders, screening organic matter 
from the water and transporting it to their mouths 
by ciliary action. 

It is well established that the form of any organism 
is the result of genetic and environmental factors. 
Its inherent potentialities are determined by its an- 
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cestry, but the actual realization results from the 
stimuli to which it is subjected during its developmen- 
tal period, and from its responses to those stimuli. The 
ultimate form, therefore, is greatly influenced by the 
physiological activities of the organism during devel- 
opment. Goodrich (3) has aptly expressed the idea in 
his statement: 

An organism is molded as a result of the interac- 
tion between the conditions or stimuli which make 
up its environment and the factors of inheritance. 
No single part is completely acquired, or due to in- 
heritance alone. Characters are due to responses, and 
have been made anew at every generation. 


There appears to be a popular notion that the trend 
of evolution is always onward and upward, but zoolo- 
gists are aware that this is not true. There have 
probably been as many retrogressive as progressive 
changes, and variations often occur in divers and 
sundry directions, although not entirely at random. 
Much of evolution is directional, and restrictions on 
the course of hereditary changes are probabl; to be 
found in the architecture of the protoplasm and par- 
ticularly in its protein components. Orthogenetic 
tendencies are too strong and too numerous to be dis- 
missed as merely fortuitous or incidental occurrences, 
and the evidence strongly supports the idea that pro- 
gressive and retrogressive changes follow somewhat 
prescribed courses. Much of the mystery of ancient 
times has been dispelled by the physical and chemical 
discoveries of the last century, and many of the riddles 
of living processes are being resolved. Consequently, 
it is reasonable to believe that in nature things do 
not happen without cause, although the cause may not 
be apparent. Mutations, changes in the architecture 
of the protoplasm, accordingly, must be induced, and 
their origin must lie in responses to physical or chem- 
ical changes that affect the inherent structure of the 
living material. Selection has undoubtedly been a pow- 
erful factor in direeting the course of surviving muta- 
tions, but it is doubtful whether orthoselection alone 
ean explain all the observed facts. Moreover, selection 
operates in large part through functional activity. 
As Eimer (4) pointed out long ago: 


Every organism owes its peculiar structure essen- 
tially to the use of its parts; nay more, owes its con- 
tinued existence to this exercise and the unceasing 
action of external stimuli. 


Thus, functional activity and responses to stimuli may 
account for the appearance and development of simi- 
lar characters in parallel lines; witness the lophophore 
in many diverse groups of filter-feeding invertebrates. 
In general, progressive evolutionary changes are cor- 
related with an active, vigorous type of life, whereas 
the adoption of sluggish, passive, and inert habits 
leads to regressive changes in the physiology and 
structure of animals. It is probable that functional 
changes antedate and direct morphological ones. 
The abandonment of freedom for security is well 
illustrated in many phyla. Leaving the parasitic forms 
for later consideration, we find that a survey of free- 
living groups is instructive. The sponges, Parazoa, 
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are not metazoans in the strict sense but colonial or- 
ganisms, derived from a choanoflagellate ancestry. 
Flagellate cells produce water currents that traverse 
the entire structure and bring in essential food and 
oxygen. Digestion is intracellular, and simple dif- 
fusion provides the metabolic requirements of the in- 
dividual cells. Organ systems as such are not devel- 
oped. Such an organization is adequate for sponges, 
but it is quite incapable of supporting more complex 
and specialized animals. In development, the stomo- 
blastula undergoes inversion, as in Volvoz, to form 
the amphiblastula, which becomes attached to the sub- 
strate and transforms into the definitive animal. The 
radial arrangement of parts in simple sponges is ob- 
viously correlated with their sessile mode of life. 

The coelenterates, according to the concept elabo- 
rated by Haeckel, have long been regarded as the 
simplest and most primitive of the Metazoa, and the 
developmental sequence—morula, blastula, gastrula— 
was accepted as the characteristic phylogenetic path- 
way. Accordingly, all metazoans were derived from a 
hypothetical gastrulalike ancestor, and the radial type 
of symmetry was believed to be more primitive and to 
antedate bilaterality. Acceptance of such a_ tenet 
leaves the origin of bilaterality completely obscure 
and unexplained. Discussing the origin of the Bila- 
teria, Libbie Hyman (5) has stated: 


Since the first Metazoa were almost certainly radial 
animals, the Bilateria must have sprung from a radial 
ancestor, and there must have been an alteration from 
radial to bilateral symmetry. This change constitutes 
a most difficult gap for phylogeneticists to bridge, 
and various highly speculative conjectures have been 
made. 


Kowalevski (6) advanced the hypothesis, elaborated 
by Lang (7), that the biradial ctenophores serve as a 
bridge from radial to bilateral types. The idea was 


based on the morphological similarity between the © 


etenophores, Coeloplana and Ctenoplana, and the 
polyelad turbellarians. But the development of cteno- 
phores is very different from that of the coelenterates; 
etenophores have determinate cleavage and mosaic 
development; the planula stage is lacking, and the 
larva is a cydippid with ciliated combs. Furthermere, 
Coeloplana and Ctenoplana are highly ‘specialized, 
aberrant ctenophores, a fact that precludes acceptance 
of the idea that they are intermediate between the 
coelenterates and truly bilateral animals. 

Instead of looking upon the gastrula as a charac- 
teristic, phylogenetic stage, Hadzi (8) has proposed 
that the former view be reconsidered. He argued that 
the coelenterates do not represent’a permanent gas- 
trula stage in evolution, that the radially symmetrical 
structure of the Cnidaria is merely the result of a sec- 
ondarily acquired habit of sessile life, and that the 
evolution of the Cnidaria is chiefly regressive. He re- 
garded the planula as the representative of the primi- 
tive metazoan and the essentially planulalike Acoela 
as the simplest of the Turbellaria. He postulated that 
the Anthozoa, which develop from planula larvae 
and in some of which (Edwardsia) a bilateral sym- 
metry precedes the radial condition, represent the an- 
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eestral enidarians. Attachment and a sessile mode of 
life was followed by the segregation of the gonads 
into a separate, sexual medusoid generation, and an 
alternation of generations became characteristic in 
hydrozoan coelenterates. The separation of asexual 
and sexual generations is common in many groups of 
invertebrates, and the resemblance of the scyphistoma 
to the polyp has long been recognized. 

If the Kowalevski-Lang theory of descent is re- 
versed, if the coelenterates are actually descended 
from originally bilateral progenitors, our common 
Hydra is not the primitive creature it has been 
thought, but the end result of simplification—a hydro- 
zoan—which has lost the medusoid generation. The 
regressive evolution, if it is confirmed, would be the 
result of attachment and the sessile mode of life. In 
his text on invertebrate zoology, Carter (9) stated: 


All sessile Metazoa except the coelenterates give 
elear evidence of being descended from free-living 
ancestors. We do not know whether the coelenterates 
are also secondarily sessile, but if not, they stand 
apart from all other invertebrate Metazoa in this 
respect. 


Among the annelids, the tubicolous and burrowing 
forms comprise a large assemblage of vermiform ani- 
mals that have sought security by withdrawal into 
secluded retreats. Comparison with niore active, re- 
lated species shows that the physiological and morpho- 
logical changes undergone by these tubicolous species 
are correlated with, and have undoubtedly resulted 
from, restriction, temporary or permanent, within the 
confines of a narrow tube or burrow. The body tends 
to become cylindrical, and the exposed parts develop 
a radial symmetry. In the terebellids, serpulids, and 
sabellids, the peristomium forms a collar which bears 
grooved tentacles that subserve the functions of sen- 
sation, respiration, and food collection. Cilia produce 
water currents which bring food and oxygen, and 
filter-feeding is typical in this group of organisms. 
In burrowing forms, Arenicola and the earthworm, 
there is a reduction in cephalic structures, food is 
taken from the vast amount of soil or detritus that 
passes through the alimentary canal, and in Arenicola 
the eversible pharynx becomes an efficient organ of 
locomotion. Among these polychaetes there is progres- 
sive loss of metamerism, of parapodia and chaetae; 
with breakdown of the ‘vascular system and the for- 
mation of hemocoelic sinuses; and corresponding 
modification of the excretory structures. In the 
archiannelids, originally regarded as primitive, as the 
name implies, but more probably retrogressive poly- 
chaetes, there is undoubted evidence of reduction and 
simplification. In this group, juvenile polychaete char- 
acters are retained, for example, ciliation, epidermal 
nervous system, and protonephridia. The number of 
somites, the coelom, and the musculature are reduced, 
with more or less complete disappearance of the 
mesenteries and vascular system. 

In the more specialized annelids, included in the 
Gephyrea, which live in the mud and superficially re- 
semble holothurians, the coelom is spacious, but me- 
tamerism is partly or completely lost. Echiurus has a 
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trochophorelike larva in which several pairs of meso- 
blastic somites may be recognized, but they undergo 
regression and are absent in the adult, which is char- 
acterized by a large, spatulate prostomium and the 
presence of a single pair of chaetae. In another echi- 
urid, Bonellia, the proboscis of the female is greatly 
elongated, bifid terminally, and retractile, while the 
males are dwarf, ciliated creatures, consisting essen- 
tially of excretory and reproductive organs, which 
live parasitically in the segmental organ of the 
female. The larva has no coelom or segmentation, and 
the body cavity of the female is formed by the coales- 
cence of spaces in the mesoderm. There is no trace of 
segmentation in the larva of Sipunculus; the adult 
has no prostomium, but the anterior end of the body 
is protrusible and retractile. The nephridia are re- 
duced to one pair, and the ventral side of the body is 
protruded and so elongated that the anus is dorsal 
and anterior, a condition similar to that in the pho- 
ronids and bryozoans. 

The Mollusea exhibit great diversity of structure, 
correlated with their bionomic relations and especially 
with feeding habits and type of food. The phyto- 
phagous species have well-developed radulae, absent 
in others; the cephalopods and many gastropods are 
predacious; a few gastropods are parasitic; and the 
lamellibranchs feed on minute organisms suspended 
in the water. Except for the cephalopods, most mol- 
lusks are sluggish, attached or hidden forms, with 
obviously regressive modifications. The absence of 
metamerism, reduction of the coelom to the pericar- 
dium and cavities of the gonads, breakdown of the 
blood vessels and formation of a hemocoele, and the 
diversity of respiratory organs, ctenidia, mantle or 
lungs, all testify to the degraded condition of the 
mollusks. The tubicolous and burrowing species mani- 
fest further retrogressive changes, with special adap- 
tations for their restricted mode of life. The lamelli- 
branchs lack eyes, tentacles, and radula; the clam 
has lost its head; the oyster has lost not only the head 
but also the foot and the anterior adductor muscle. 
Cuvier included the bivalves in his group, Acephala, 
which contained also the brachiopods, barnacles, and 
tunicates. The term, headless, is not inappropriate 
for these animals, all of which have renounced free- 
dom for security. 

The successive stages in the life-history of the ses- 
sile crustaceans, notably the barnacles, portray the 
scenes in the evolutionary drama and exhibit the re- 
gressive changes that follow the surrender of freedom. 
They begin life as free-swimming nauplii, with median 
eyes, inverted as in the vertebrates, with uniramous 
antennules and biramous antennae and mandibles. The 
early molts of the cirripedian larvae result in only 
slight changes in morphology. A major change then 
gives rise to a stage in which the animals resemble 
Cypris, a common genus of the class Ostracoda. The 
body is now enclosed in a bivalve shell, the antennae 
have disappeared, and the antennules have attachment 
disks on which cement glands open. In the common 
barnacles, there are six pairs of thoracic appendages 
and a small abdomen with four somites. This larva 
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attaches by the disks on the antennules, and metamor- 
phosis is completed. The preoral region enlarges and 
serves for attachment; the mantle secretes the shell 
plates; the abdomen disappears; the central nervous 
system consists of a subesophageal ganglion and sepa- 
rate ganglia for each pair of cirri behind the first; 
there is no brain; and the body rotates so that the 
ventral side is exposed. In the reduction and disap- 
pearance of the coelom, in the absence of a brain, 
and in the rotation of the body, so that it comes to 
occupy a position at right angles to the original an- 
tero-posterior axis, the barnacles agree with the bryo- 
zoans. This morphological agreement has no genetic 
basis; it is not homologous but is the end result of an 
attached mode of life in both groups. 

There is a heterogeneous assemblage, often listed 
as the minor coelomate phyla or as groups of uncer- 
tain systematic position. They have persisted, although 
in diminished numbers, since early geologic eras and 
may comprise surviving relicts of a primitive, tri- 
metameric, ancestral stock. With the exception of the 
chaetognaths, they are sessile or sedentary animals 
and include the bryozoans, brachiopods, and phoro- 
nids. In many respects, larvae of the last-named 
groups resemble those of the echinoderms and pro- 
chordates. In all these forms, the coelom, when pres- 
ent, arises as evaginations from the digestive tract 
and, especially in the early stages, three metameres 
are often indicated. After attachment of the larvae, 
profound metamorphic changes replace the original 
organization with one adapted to the new mode of 
life. Their systematic relations, therefore, can best be 
determined by study of their larval stages, but the 
larvae also are greatly modified; among the Bryozoa, 
only the larvae of the endoprocts and the shelled 
Cyphonautes larva of the ectoprocts have functional 
digestive tracts. 

Although the early developmental and larval stages 
provide the best evidence of systematic relations 
among animals that are profoundly altered at meta- 
morphosis, the use of larval stages for taxonomic and 
phylogenetic determinations requires caution and dis- 
cernment. As was noted by Leuckart more than a cen- 
tury ago, larvae are merely feeding and dispersal 
stages, adapted to provide for the earlier independence 
of the progeny, which are thus able immediately to 
carry on a free-living existence and so to increase the 
reproductive capacity of the species. This early inde- 
pendence of the young individuals has resulted in the 
development of adaptive, coenogenetic features, which 
have no phylogenetic significance. The older idea of 
recapitulation, that the individual in its life-cycle re- 
peats briefly the ancestral history of the race, has 
largely been replaced by a more rational and plausible 
one, namely, that embryos and larvae do not corre- 
spond to adult ancestors but to their developmental 
stages. Accordingly, emphasis has shifted to a study 
of comparable developmental stages, to axial rela- 
tions, cleavage patterns, symmetry, and inherent 
structural details of larval types. 

Larvae of related groups show greater resemblance 
than do the adults, and the resemblances are greater, 
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the earlier the developmental stage. Since larvae be- 
come adapted for their own survival and growth, 
there must be a structural reorganization when the 
animal transforms to the adult stage which has a dif- 
ferent mode of life. The change may be gradual if 
the larval organs can devélop directly into adult ones; 
otherwise there must be a more or less complete meta- 
morphosis, in which larval structures are resorbed and 
adult ones are formed by new growth from imaginal 
buds or other centers of embryonic cells. Such change 
is witnessed when the bilateral, pelagic larvae of 
echinoderms attach and transform into radial crea- 
tures. In sedentary, mud-living species, the change is 
less dramatic, and the transformation of the Actino- 
trocha larva of Phoronis recalls the condition in the 
similarly. sedentary sipunculids—enlargement and 
protrusion of the ventral side of the body until the 
animal becomes vermiform, with the viscera enclosed 
in the abdominal extension and the anus turned so 
far forward that it comes to lie near the mouth. 

The agreement in general morphology between the 
fresh-water ectoprocts and the phoronids and among 
the Actinotrocha, Tornaria, and echinoderm larvae 
strongly suggest genetic relationships. These resem- 
blances can be explained on only one of two hy- 
potheses: either (i) parallel evolution—that is, con- 
vergence and adaptation to similar habits—has 
occurred, or (ii) the organisms must have evolved 
from a group that at some time had larvae of similar 
structure. Resemblances between these invertebrate 
larvae are too numerous and too detailed to justify 
acceptance of the first alternative. On the other hand, 
if the groups with similar larvae are genetically re- 
lated, it follows that the adaptive changes in existing 
groups have resulted from different modes of life, 
adopted by descendants of the original group. The 
absence of a coelomic cavity in the endoproct bryo- 
zoans may be primitive and they may be related to 
the lower invertebrates, but their agreement otherwise 
with the ectoprocts strongly suggests genetic rela- 
tionship. In endoprocts, the persistence of larval fea- 
tures, the presence of protonephridia, and absence of 
coelom may indicate pedogenesis, or the coelom may 
have undergone reduction, as in the archiannelids and 
mollusks, with ultimate disappearance. The ectoprocets, 
on the other hand, using the coelomic fluid for opera- 
tion of the lophophore and tentacles, have retained 
the body cavity without metamerism, although the ex- 
eretory organs have been lost. 

It is possible that the prochordates may be derived 
from the same trimetamerie stock. In Balanoglossus 
and Amphioxus, as in the echinoderms, the coelom 
arises as enterocoelic pouches which form three pri- 
mary segments. They are retained throughout life in 
the Enteropneusta, whereas in the Cephalochordata 
the second forms the oral somite and the third gives 
rise to all the postoral mesoderm. Amphioxus remains 
free-swimming, possibly like the chaetognaths as a 
sexually mature larva, whereas the other prochordates 
undergo metamorphosis. The Enteropneusta become 
burrowing, vermiform creatures; whereas the Tuni- 
cata comprise a group, predominantly sessile, of retro- 
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gressive, sluggish, shapeless forms without coelom, seg- 
mentation, or nephridia; with degenerate sense organs 
and nervous systems; and enclosed in protective tests. 
In the aseidians, the attached habit results in the for- 
mation of a U-shaped digestive tract, a situation anal- 
ogous to that in Phoronis and the sipunculids. So, 
among the prochordates as in other groups, the sessile 
habit has led to regressive ehanges, the original fea- 
tures have been obscured dr lost completely, and these 
animals afford further striking evidence that stepwise 
loss of freedom has resulted in corresponding retro- 
gression and degeneracy. 

Loss of freedom, individual bondage, and the evo- 
lution of the welfare state are characteristic features 
of the social insects. According to Wheeler (10), in 
the last 50 to 100 million years, 24 different societies, 
each with its own particular features, have arisen in 
as many different families of insects, representing 
“Nature’s most startling efforts in communal organi- 
zation.” At first glance, the colony appears to be a 
busy, efficient, happy family, with members contribut- 
ing maximal effort to the welfare of the group. 

Information is probably most complete concerning 
the common formicid ants and the honeybee. The in- 
dustry of the ant is proverbial (11): 

Go to the ant, thou sluggard; consider her ways 
and be wise; Which having no guide, overseer or 
ruler, Provideth her meat in the summer, and gather- 
eth her food in the harvest. 


But closer examination of social organization among 
ants reveals that with the evolution of the “welfare 
state,” there is developed a rigid, rigorous caste sys- 
tem, in which individuals are bound to permanent, 
monotonous conditions of servitude. The royal indi- 
viduals perform the sexual, reproductive functions but 
otherwise lead a life of regal ease, while the other 
members of the colony belong to one or another of 
the sterile “worker” castes. There may be various 
types of workers; some cultivate a fungus, others tend 
the aphids, “the dairy-cattle of the ants” according to 
Linnaeus; others are soldiers; and among the honey 
ants, certain individuals serve as “storage tanks” for 
honeydew. These latter members are stuffed until 
their bodies are enormously increased in size, almost 
spherical ; they are quite unable to walk and they hang 
by their claws from the ceilings of the nest-chambers, 
giving out nourishment to other members of the 
colony during periods when food is scarce. Under the 
surface of the apparently serene tranquility of the 
ant colony, the most savage and pitiless events are 
taking place; murder, regicide, pillage, and forays 
against other colonies in which the adults are killed 
and the larvae and pupae are carried off to slavery. 

The honeybee has been extolled in song and story, 
even deified, as a virtuous, sedulous, and praiseworthy 
example of social efficiency. In reality, it is a most 
pathetic little creature. Restricted during develop- 
ment to such an inadequate diet that its reproductive 
organs remain rudimentary, without hope of romance 
or progeny, it burns itself out and dies exhausted after 
a few weeks of feverish activity, a martyr, and victim 
of the “welfare state.” 
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But it is in the realm of animal parasites that the 
most conspicuous results of dependency are encoun- 
tered. Swellengrebel (12) defined a parasite as “an 
organism wholly dependent on another living organ- 
ism for its food, its shelter and its reproduction.” 
Note the word dependent in the definition. Parasitism 
is an almost universal phenomenon in the animal 
kingdom, and it is important to inquire into its origin, 
extent, and effects. It has long been recognized that 
parasites have been derived from free-living progeni- 
tors. Moreover, it is certain that parasitie lines have 
developed repeatedly, and at various times, in most of 
the several phyla, from protozoans to arthropods. In 
any community, and the earliest ones must have been 
aquatic, numerous kinds of plants and animals live 
together, and parasitism is an outgrowth of such asso- 
ciation. Animals in the same habitat strive for sus- 
tenance, for survival. They seek food, shelter, eseape 
from predators, and opportunity for reproduction. 

It may have been accidental or incidental that cer- 
tain animals found it expedient to attach themselves 
on or in the bodies of other animals. But acquisition 
of a host was the first step in the direction of para- 
sitism. In certain instances, fear may have incited the 
animal to seek shelter; in other instances the secre- 
tions or excretions of the host may have afforded 
nourishment, and hunger may have impelled the asso- 
ciation. Or the animal may have been ingested acci- 
dentally, and in the digestive tract of the host found 
conditions suitable for survival. But gradually, the 
incipient parasite beeame more and more dependent. 
When other food sources were insufficient, what would 
be easier than to feed upon the tissues of the host? 
The dependent animal is proverbially looking for the 
easy, way. So parasitism involves a gradual and pro- 
gressive adaptation to a dependent condition on the 
part of the animal or species that adopts this mode 
of life. With protection and food supplied abundantly 
by the host, the parasite enjoys a condition of luxuri- 
ous idleness. With nothing else to do, its surplus 
energy finds expression in enormously increased re- 
production. 

The parasite no longer has to seek food or protec- 
tion from enemies; it ean relax in comfort; the wel- 
fare state has been attained. But cessation of an 
active existence results in characteristic changes in the 
physiology and morphology of the parasite; the or- 
gans that function most vigorously in a free-living 
existence, which render a species most alert and active, 
are no longer used and undergo progressive reduction 
and eventual atrophy. Especially is this true of the 
sensory and locomotor organs. The parasitic flatworms 
have lost their cilia; fleas and lice have lost their 
wings, the scab mites lack eyes and organs of respira- 
tion; while the linguatulids are so highly modified 
that they have lost practically all their primitive 
characters and superficially resemble tapeworms. With 
degeneration of the sense organs and muscles, there 
is a corresponding reduction in the nervous system. 
As parasitic regression proceeds, one after another of 
the organ systems suffers a reduction and may even- 
tually disappear. Certain groups, of which the ces- 
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todes, acanthocephalans, and monstrillid copepods are 
conspicuous examples, have lost all traces of an ali- 
mentary tract. With the disappearance of the diges- 
tive system, the animal has lost the ability to ingest 
and digest food and is reduced to a saprozoic type of 
nutrition. 

Although less conspicuous, the physiological losses 
resulting from parasitism are far more important 
than the morphological ones. The obligate parasite has 
lost the ability in the absence of other living cells to 
carry on anabolic phases of metabolism, to synthesize 
protein, or to grow. It is clear that the enzymes con- 
cerned in anabolic processes must be supplied by liv- 
ing cells of the host or other associated organisms. 
This inability to carry on constructive metabolism, 
except when supplied with enzymes or coenzymes 
from extraneous sources, has stymied attempts to cul- 
ture parasitic organisms in vitro and is largely re- 
sponsible for our present ignorance of the physiology 
of animal parasites. 

While certain organ systems undergo reduction in 
parasitic species, there is a compensatory increase in 
reproductive capacity. Luxurious idleness with abun- 
dant nourishment supports an active metabolism that 
finds expression in enormously increased reproductive 
activity. Protozoa may multiply in the host to reach 
appalling numbers. A malarial patient with 1 percent 
of the red cells infected would have approximately 
200 million parasites in his body. In metazoan species 
there is a corresponding overdevelopment of the 
sexual organs. The number of ova produced by para- 
sitic worms is stupendous. The average daily output 
of eggs by a mature female of Ascaris lumbricoides 
is about 200,000; of Ancylostoma duodenale some 
25,000. A specimen of Fasciolopsis buskii produces 
about 25,000 eggs per day and one of Taenia saginata 
about 1 million. This cestode grows 10 to 15 proglot- 
tids each day, and each proglottid contains about 100,- 
000 ova. Moreover in parasitic species, new and acces- 
sory methods of reproduction increase the number of 
progeny. Among the Sporozoa, binary fission is re- 
placed by multiple fission; schizogony alternates with 
sporogony, and the two cycles frequently involve dif- 
ferent host species. In the digenetic trematodes, the 
sexual generation is followed by asexual generations, 
where polyembryony increases the number of progeny, 
often several thousandfold. Strobilization in cestodes 
may be regarded as a form of asexual reproduction. 
This profuse and unrestrained reproduction is essen- 
tial, since it is necessary to compensate for the mor- 
tality of young stages of the parasites. 

Among parasitic species, the offspring, in the form 
of eysts, or eggs, or larvae, typically emerge from the 
host and constitute the infective stages that transmit 
the parasites to new hosts. These dispersal stages, as 
a rule, are delicate and short lived, and most of them 
succumb to the hazards of finding the next host. In 
many instances, not more than one in a million actu- 
ally succeeds in completing the life-cycle. In a bal- 
anced condition of nature, the reproductive capacity 
of any species just equals the losses occasioned by 
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death. But the parasite is not concerned with the wel- 
fare of the offspring. It lives an entirely selfish exist- 
ence, and in the welfare state the comfort and security 
of the existing generation is often maintained and 
enhanced by mortgaging fhe future of succeeding gen- 
erations. 

It should be remembered that parasites, being 
wholly dependent, can survive only so long as they 
ean find other organisms to support them. They con- 
tribute nothing of value, their effects are definitely 
deleterious, and the defense mechanisms of the host 
are eventually mobilized against them. So, despite the 
apparent ease and luxury of parasitic existence, the 
probability of success in such a venture is exceedingly 
small. Such a welfare state exists only for those lucky 
individuals, the favored few, who are able to cajole 
or compel others to provide the welfare. 

The survey just made shows that throughout the 
animal kingdom, during human history as recorded in 
written form and during geologic history as recorded 
in the evolutionary record, independence, with free- 
dom to explore new vistas, has been the essential con- 
dition of progress, whereas the surrender of freedom 
in an attempt to attain security has led to bondage, 
regression, and degeneracy. The welfare state offers 
security to workers on terms of contingent subjection 
and dependency, but such a social order reduces the 
individual to abject subservience, and results in the 
development of a rigid caste system. Dependency and 
degeneration are cognate phenomena, they go hand in 
hand; either may be the causative agent, and it is 
often difficult to determine whether, in any particular 
instance, creatures became degenerate because they 
were dependent, or became dependent because they 
were degenerate. In any event, the well-worn attempt 
to obtain comfort without effort, to get something 
for nothing, persists as one of the illusions that in 
all ages has intrigued and misled the unwary. 
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Current Status 
Induction of Mutations by Irradiation 


of Information on the 


- Herman M. Slatis* 
McGill University, Montreal, Canada 


N order to understand the effect of irradiation on 
man’s genes, it is necessary to have information 
that is not available at present and that, to some 
extent, may never be collected. However, there 

are several ways of estimating the magnitude of the 
inheritable bad effects that are caused by irradiation. 
Evans (1) divided a value that represented the aver- 
age spontaneous mutation rate per generation at an 
average locus in man, 10-°, by the estimated rate at 
which x-rays produce new mutations per roentgen (r) 
at the average locus, 3x10-*. This gave a value of 
300 r as the amount of irradiation that would double 
the spontaneous mutation rate. On the basis of :this 
figure, Evans suggested that even if a few people were 
to receive relatively large doses of irradiation, it 
would not be of much effect in producing defects 
either in their children or in their remote descendants. 
Wright (2) has pointed out that Evans’ estimate of 
the spontaneous mutation rate is likely to be far too 
high. By recalculating with the spontaneous mutation 
rate at one one-hundredth of that used by Evans, 
Wright found the effect of irradiation to be relatively 
great when it was compared with the spontaneous 
mutation rate. 

Even if we could make an accurate estimate of the 
average mutation rate in man, this method would give 
an answer only relative to man’s present genetic 
status. An evaluation of the absolute amount of radia- 
tion-induced genetic damage is dependent upon the 
estimation or knowledge of other facts, such as the 
manner of action of deleterious genes and the number 
of loci in man. Evans assumed (when he was dis- 
eussing certain problems) that there are 10° loci, that 
2.5 x 10-° of all genes mutate to deleterious recessives 
each generation, and that there is an accumulation of 
50 times as many mutants as occur each generation. 
These conditions would result in an average of one 
new deleterious mutant for every two persons, and 
the total accumulation of these mutants would be 
about 25 per person. Since it is known that brother- 
sister matings occur occasionally and since these ap- 
pear to give normal children in most cases, an estimate 
of the number of mutants existing in man must not 
make this sort of child a too unlikely possibility. How- 
ever, if there are about 25 deleterious recessive mu- 
tants per person, which would mean about 50 per 
married couple, then one-fourth of these, or about 12, 
would be present in both a brother ard a sister. The 
chance that one of their offspring would not have any 
of these deleterious recessives in homozygous condi- 
tion would be (#)?%, or about 0.03. This is a far too 
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small value to fit the facts and indicates that the as- 
sumptions made are not completely valid. Larger esti- 
mates of the number of deleterious mutants in man, 
such as the value of 60 suggested by Muller (3, p. 
351), are obviously too high. 

This article attempts to assess the effect of irradia- 
tion on man’s genes by estimating the limits within 
which various pertinent values lie. These limiting 
values are then combined to give maximal and mini- 
mal estimates of the effect of irradiation on man. 
However, these estimates are constrained to reason- 
able values by reference to relevant observations. 

Mutant loci in man. Man cannot be very different 
from any other mammal in factors such as gene num- 
ber and the mechanies of gene action. It is known that 
mammals ean be taken from large interbreeding popu- 
lations and be bred in captivity from the progeny 
of a single pair, which indicates that individuals of 
these species are not carrying large numbers of dele- 
terious recessive mutants. By extension from other 
mammals to man, it would appear that there is con- 
firmation for the assumption that we are not carrying 
large numbers of deleterious recessives. 

Within historical times, except in a small number 
of communities, man has probably kept matings be- 
tween closely related persons sufficiently rare and 
matings with members outside the local in-group suffi- 
ciently frequent to warrant assuming at least a mod- 
erately large population size. In this case the dele- 
terious mutants observed in man would occur at stable 
gene frequencies. By working with a small sample of 
first-cousin marriages, I estimated (4) that the aver- 
age person is carrying only eight abnormal recessive 
genes. The term abnormal includes some genes that 
do not have an effect on viability and that may be bal- 
anced by genes that were not detected because they 
are lethal early in gestation. The number of deleteri- 
ous mutants carried in the heterozygous state by the 
average person will be referred to as A. An estimate 
of A based on the observation of the children of re- 
lated individuals approximates a total value, whether 
the genes are completely recessive or whether they 
have some effect in the heterozygous state. Since few 
genes (if any) are known to have an unfavorable 
effect in the heterozygous condition without being far 
more debilitating when they are homozygous, the 
average number of deleterious genes, whether simple 
recessives or partial dominants, cannot be very large. 
Limits. We may choose the limits of 4 and 12 as 
bounding a reasonable estimate of A in man. 

Whether the mutants at a locus cause death even 
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before birth or whether they do not affect the life- 
span but cause the individual to be sterile, the selec- 
tive effect is roughly the same, for the frequency of 
the gene will be lowered in either case. A mutant that 
has a less-than-normal likelihood of being transmitted 
by a homozygous individual may be referred to as a 
lethal (I use this term in a broader sense than is 
usual). The processes of human society modify the 
lethality of many genes; for the purposes of this 
paper we assume that the sum of these modifications 
is about zero with respect to changes of gene fre- 
quency. If a lethal is not always effective, some of its 
homozygotes will be part of the breeding population. 
If the homozygotes leave very few offspring and are 
classed as lethal, or if they leave almost a normal 
number of offspring and are classed as viable, there 
will be little effect on our calculations. Mutants that 
reduce reproductive capacity to an intermediate value 
will bias caleulations based on the assumption that 
all recessive lethals are fully efficient. The amount 
and direction of this bias is dependent upon the num- 
ber of such mutants, their relative lethality, the pro- 
portion of them that is detected, and similar consid- 
erations. Our knowledge of such mutants is limited; 
for the purposes of this paper we must assume that 
they are sufficiently rare to have little influence on 
the caleulations. Our estimate of A should be restricted 
to those deleterious mutants that have a strongly 
lethal tendency. 

It would appear that some loci are not necessary 
for the life of an animal, for some viable Drosophila 
are homozygous for losses of genetic material. How- 
ever, since almost all genetic losses that fail to kill 
homozygetes are so small that we can suspect them of 
being limited to a single gene, most genes appear to 
be necessary for life. If a gene is necessary for life, 
it will have mutant alleles that are lethal, even though 
the most frequent mutant form at the locus may be 
viable. Loci that do not form lethal mutants may 
affect appearance or physiology but not enough to 
cause death. Limits. It is reasonable to assume that 
at least 0.75 of all loci can form mutants that are 
lethal when homozygous. 

The total number of loci in man is unknown, even 
the order of magnitude. It is generally agreed that 
there is evidence for assuming 5000 to 10,000 as the 
number of loci in Drosophila, and most students of 
the subject suggest that man’s greater complexity re- 
quires that he have more genes than the fruit fly has. 
Limits. There is no partieular reason to believe that 
5000 loci are too few for man. An estimate of 100,000 
loci is well above the maximum number usually pro- 
posed, 

Spontaneous mutation rate in man. A number of re- 
cent papers have contained calculations of the muta- 
tion rate of various human loci and these have been 
toward the values of 10-* or 10-° per generation (5). 
However, the highest of these rates is probably in 
error, because the selection that seems to occur in 
favor of heterozygotes (6,7) was neglected; and some 
of these rates may be questioned as being too high on 
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other genetic grounds (8). Moreover, since the muta- 
tion rate is not caleulated unless a condition is rela- 
tively common, these rates may be selected because 
they are particularly high (2). 

Let us define a value v 48 the average rate at which 
mutations to deleterious alleles occur at the N loci 
capable of having such mutations. The mutation pres- 
sure, which is continually forming these alleles from 
the normal, will be balanced by selection at the fre- 
quency \/v, which is known as the equilibrium fre- 
quency. If the population is in equilibrium, A = N\/v. 
Unfortunately, if there is a wide variety of mutation 
rates this formula will not hold, for it assumes that r 
is the same for all loci. With just a small number of 
highly mutable loci the true value of v will be much 
higher than would be calculated from this formula. 
For example, given 10 recessive lethal loci, if one locus 
mutates to a recessive allele at a rate of 9.01 x10-° 
and nine each mutate at 0.11 x 10-*, the average mu- 
tation rate will be 1x 10-*. The high-mutating locus 
would have a mutant equilibrium frequency in the 
population, \/v, of 3x10-*, and each of the low- 
mutating loci would have a mutant frequency of 
0.33 x 10-*. The total frequency of mutant alleles in 
this population would be 6x 10-°. If each of 10 loci 
had the same mutation rate, a total frequency of mu- 
tants at 6 x 10-° would mean that each had a frequency 
of 6x10-* and a mutation rate of 3.6x10-*. This is 
only about one-third of that calculated for loci with 
differing mutation rates. Limits. It seems reasonable 
that if A and N are estimated, the apparent value of 
v will be between one-half and one-tenth of its true 
value. 

Stern et al. (9) reported for Drosophila that a 
number of recessive lethals have a slight-to-moderate 
lethality in the heterozygous state. One may interpret 
their results as indicating that about one-third of the 
mutants are lethal to some heterozygotes (Stern et al. 
would replace “one-third” by “most”). The propor- 
tion of Drosophila mutants that has a deleterious 
effect on the heterozygotes is probably a bit greater 
than this, for the chance of finding a mutant that has 
a lethai effect on one-fourth of all heterozygotes is 
only three-fourths as great as the chance of finding a 
mutant that does not affect the viability of hetero- 
zygotes. 

Muller (10) has diseussed the possibility that there 
are many semidominant lethals in man and has re- 
ferred to the work of Levit (11), who suggested that 
a number of man’s ailments are inherited as poorly 
penetrant dominants. These hunian semidominants 
might have little selective effect, because they often 
act after the peak of the reproductive period. In 
Drosophila, the trial of metamorphosis may be an 
important factor in the youthful susceptibility of the 
species to heterozygous lethals, so that lethals may 
not be as deleterious to the heterozygote in man as 
they are ‘in Drosophila. Statistically, the difference 
between assuming that genes are recessive in hetero- 
zygotes and that they are partially dominant is that 
the mutation rate must be higher in the latter case to 
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support a given equilibrium frequency. If the average 
human being carried as many as eight or 10 deleteri- 
ous mutants in the heterozygous state, and if a mod- 
erately high proportion of these mutants were detect- 
able as incompletely penetrant dominants that act 
before about the age of 50 years, then much larger 
numbers of them than are known should have been 
found by now. 

The lethality that is caused by a gene may be de- 
noted by the symbol s, the selective disadvantage. The 
value of s is 1.0 for lethal recessive genes and is 
omitted from formulas; for semidominant lethals, s 
equals the proportion of heterozygotes that are se- 
lected against because they carry the gene. Limits. It 
is reasonable to assume that the limits of the propor- 
tion of deleterious recessive genes that has some effect 
in the heterozygote are 0 and 0.30. Such genes cannot 
average more than 10 percent mortality among the 
heterozygous carriers by the age of parenthood. 

Radiation-induced mutation rate. Although radia- 
tion-induced mutation rates have usually been studied 
only in mature sperm, the rate in oogonia and sperma- 
togonia is the only value of practical importance, be- 
cause of the short life-span of all other stages. Rus- 
sell (12) tested mice for spermatogonial mutants at 
seven loci and found an average mutation rate of 
2.5 10-*/r. (This type of estimate is not subject to 
the error discussed in the preceding section and need 
not be corrected for differences in mutation rates.) 
Unfortunately, Russell’s result does not accurately 
represent an over-all average, because the numbers of 
mutants at the various loci indicate that they mutate 
at widely differing rates. A choice of different loci 
might have resulted in a far different average rate. 
Moreover, a criterion for choosing these loci was that 
Russell already possessed a viable recessive mutant 
for each, which might have selected against loci with 
low mutation rates. 

Isoalleles are minor differences from the standard 
form of the gene that can be detected only by special 
techniques, although some of them might have been 
found by Russell because of the methods that he has 
employed (13). Even if isoalleles are frequently 
formed, they are, by definition, of little importance 
to the vitality of the individual. On the whole, the 
mutations found by Russell do not include isoalleles 
but probably indicate the mutatien rate toward the 
physiologically important alleles that would form at 
any locus. Limits. These data of Russell’s ind cate that 
the average induced mutation rate per locus is prob- 
ably between 1 x 10-* and 2 x 10-*/r in the mouse, and 
it is reasonable to assume that this also describes the 
limits of the range for man. . 

Estimates of man’s genetic make-up. Limits for a 
number of factors have been suggested in-the fore- 
going sections. The major limiting condition is the 
observation that the average man is not carrying a 
large number of recessive and semidominant lethal 
genes. If the average number of deleterious mutants 
in man is as few as four, then either the mutation 
rate must be small or the number of loci must be small. 
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If there are as many as 12 deleterious mutants, the 
mutation rate and the number of loci might be 
greater. 

For a population in equilibrium, radiation damage 
will be least effective if the value of A is very high, 
the loci differ greatly but have a high average spon- 
taneous mutation rate, and the number of loci at which 
mutants contribute to A is small. Choosing the limit- 
ing values at this end of the scale, the number of 
deleterious recessives (A) carried heterozygously in 
the average man is 12; there are about 5000 loci, of 
which only 0.75 can have lethal alleles; about 0.30 of 
the lethal loci are semidominant, killing 0.10 of the 
heterozygotes; and the mutation rate differs so greatly 
from locus to locus that the apparent value of + 
will be about one-tenth of the true value. With these 
figures, the number of loci at which lethals can oceur 
is 3750. Of these, 2625 (N,) will be recessive lethals 
and 1125 (N.) will be semidominant lethals (s=0.1). 
The apparent value of v can be calculated from 
A=N,\V/v+N,v/s. This formula is solved with Vo 
equal to 0.0045 and v equal to 2.0 x 10-°. The true rate 
of v might be about 2x 10-. 

This value is greater than was considered likely to 
be the rate of mutation in man. Small changes in some 
of the contributing factors might bring down the true 
value of ¢ to 2x 10-, which is probably still too high 
but not unreasonable. Reductions in the proportion 
of loci that are semidominant and in the ratio between 
the true and the apparent values of v are particularly 
indicated. 

If we assume the lowest reasonable average rate of 
induced mutation, 2x 10-*/r, then 1 r of irradiation 
will induce only one one-thousandth as many muta- 
tions as occur spontaneously. To double the spon- 
taneous mutation rate, gonads would have to be ex- 
posed to 1000 r. However, Russell’s (72) controls 
clearly showed a low spontaneous mutation rate com- 
pared with the many mutations produced by irradia- 
tion. Animals irradiated with 600 r showed more than 
20 times as many mutations as the controls. Allowing 
for the small numbers involved, the minimum effee- 
tiveness of 600 r is at least 6 times the spontaneous 
rate, and 100 r is the upper limit of the irradiation 
dose that doubles the spontaneous mutation rate. 
Therefore, estimates of the spontaneous and the radia- 
tion-induced mutation rates must not differ by a ratio 
of more than 100 :1. With only 3750 sensitive loci, 
the average number of radiation-induced mutations 
per germ cell for an exposure of 100 r would be about 
0.075, or about one in every 13 germ cells, if muta- 
tions are induced at an average rate of 2x 10-"/r. 
Thus, even this large dose of irradiation would have 
little effect on subsequent generations. Alternatively, 
if the natural irradiation received by the population 
of the earth were increased to the extent of adding 
an average of 1 r by the time that parenthood is 
achieved, new deleterious mutants would occur only 
once in every 1333 gametes; In either of these cases 
the damage to subsequent generations must be quite 
low and will not be important when it is compared 
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with the spontaneously occurring mutations in the 
population as a whole. 

The data of Hertwig, as compiled by Russell (12), 
suggest that the sum of all lethal mutations at all loci 
in mice is as low as 6x10-°/r for each gamete, or 
some value up to about 10 times this frequency. Even 
at 6x 10-° mutations/r there would be only one lethal 
in every 16,000 gametes after 1 r of irradiation, which 
is a lower rate than the lowest estimated here. It is 
possible that the discrepancy between Hertwig’s data 
and the values ecaleulated in this paper is the result 
of the small number of observations made by Hertwig. 

The estimate of the maximum effectiveness of radia- 
tion damage is also affected by certain limiting fac- 
tors. Natural radiation yields at least 3 r within 30 
years (1), and it may yield 17.5 r during this period 
of time (3, p. 475). Taking the lesser of these rates, 
the maximum radiation-induced mutation rate per 
roentgen cannot be more than one-third of the spon- 
taneous mutation rate (if other factors contribute 
to spontaneous mutation, it would be lower). If the 
radiation-induced rate is as high as 1 x 10-°, the true 
spontaneous rate would be at least 3x 10-°. The ap- 
parent spontaneous rate might be as high as half of 
this, or 1.5x10-*, and \/v would be 1.2x10-°. N, 
would be about 3300 if A is equal to 4, and NV, would 
constitute 0.30 of all deleterious mutants if 1600 semi- 
dominants exist. These 4900 sensitive loci would yield 
an average of 0.0049 mutations/r for each gamete, or 
about one mutant in every 200 gametes. A propor- 
tional decrease in the radiation-induced and sponta- 
neous mutation rates would permit increased estimates 
of N but would result in even smaller proportions 
of the gametes carrying new mutations. However, 
an increase of A to a value as high as 12 would 
inerease the size of N to 15,000, and after 1 r 
of irradiation the frequency of gametes carrying 
newly induced mutants would be about one in 70. 
There would be an increase in the amount of damage 
caused by irradiation, but no change would occur in 
the relative effectiveness of spontaneous and induced 
mutation. An irradiation dose of about 400 r (inde- 
pendently of the value of A) would be enough to in- 
crease the number of deleterious genes in each of the 
offspring of the irradiated person by 50 percent, and 
the number of deleterious genes carried in each gamete 
would be doubled. The assumption that almost one- 
third of all mutations have a semidominant lethality 
would mean that some of the immediate descendants 
of a heavily irradiated person would have a distinct 
likelihood of being impaired or killed because of the 
irradiatien. 

Conclusions. The present genetic status of man is 
that he probably is carrying a few. deleterious mutants 
and that mutation is transforming more normal genes 
to abnormal ones at about the same rate that selection 
is causing abnormals to be lost. Many mutations are 
lethal and, if man-made irradiation increases the mu- 
tation rate, the result is sure to be deleterious. How- 
ever, the radiation-induced mutation rate per roentgen 
seems to be bounded at between one-third and one 
one-hundredth of the spontaneous rate, and the spon- 


820 


taneous rate does not appear to be as high as some 
authors have recently suggested. 

In terms of the absolute amount of damage done, 
as little as 1 r of irradiation may produce between 
one mutation in 1300 gametes and one mutation in 70 
gametes. This is not a véfy wide range, considering 
how little we know about so many of the factors con- 
cerned. The narrowness of the range is the result of 
the action of two limiting features. The fact that the 
spontaneous mutation rate is known to be low despite 
the presence of a certain amount of irradiation in the 
atmosphere provides a maximum limit to the effective- 
ness of irradiation in producing mutations. The com- 
parison of the progeny of control and irradiated ani- 
mals provides the lower limit for the relative effec- 
tiveness of irradiation. The range thus being set, the 
points on the scale at which this range might be placed 
are limited by our knowledge that the average man is 
carrying some, but not many, deleterious recessive 
genes. Within these limits it is difficult to suggest that 
one part of the scale is better than another. The lower 
limits of the effectiveness of irradiation seem most 
likely because attempts to find radiation-induced mu- 
tants, and particularly the experiments of Hertwig, 
who tested for any sort of mutant within the entire 
genome, have been hearteningly meager in their suc- 
cesses, 

Some of the values that have been imprecisely esti- 
mated here can be refined in the near future. Of par- 
ticular importance is an extensive study of both the 
fertility and viability of the descendants of irradiated 
mammals. This will help us to determine whether or 
not many genes will be produced that decrease viabil- 
ity without being detectable as lethals. Studies of the 
children of related individuals will make up the other 
main source of information, because this will be one 
of our most fruitful ways to determine the actual 
value for man’s current genetic structure. The com- 
parison of spontaneous mutation in man with that in 
other mammals will also be of value. 

What would happen to man if the mutation rate 
were permanently doubled by an accidental poisoning 
of the atmosphere by irradiation? It would be several 
generations before the accumulation of new mutations 
would amount to very much. The average number of 
deleterious mutations would increase, and the fre- 
quency with which persons bearing the same mutants 
would marry and have defective offspring would in- 
erease too. For completely recessive genes, the dou- 
bling of the mutation rate means that the frequency 
of the gene and of abnormal homozygotes in the popu- 
lation is increased as the square root of the mutation 
rate. A gene that had had a frequency of 0.00010 
would eventually build up to a frequency of 0.00014. 
With such small changes, it would seem unlikely that 
a doubling of the mutation rate could pose a serious 
problem to the life of the species, and it might go 
almost unnoticed. Some of our current dysgenic prac- 
tices that are countenanced because of custom, inertia, 
humanitarian practices, or foolishness are probably 
more serious to the species. 

Lest anyone misinterpret these deliberations as 
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justification for rashness, some special warning should 
be given. The basic fact to remember at all times is 
that any irradiation is bad, and therefore irradiation 
should be used only if it can be assumed that the 
good will outweigh the bad. Certainly our descendants 
should be protected by our avoiding the irradiation 
of the gonads of any person until he is past the pro- 
creative age. Also, the society as a whole should be 
protected against a general increase in background 
irradiation. The existence of worse practices cannot 
be an excuse for perpetrating a bad one. 
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News and Notes 


Science News 


The United Nations Educational, Scientific and Cul- 
tural Organization is sponsoring the establishment of 
an International Computation Center in Rome. The 
convention setting up the center will come into force 
when 10 states have ratified or formally accepted it. 
So far four countries—Belgium, Ceylon, Italy, and 
Japan—have deposited ratifications or instruments of 
unconditional acceptance. The convention has been 
signed by eight states: Egypt, Greece, Iraq, Israel, 
Liberia, Mexico, the Netherlands, and Turkey. 

The projected center, a laboratory equipped with 
the best available mechanical devices for calculation, 
will have three main functions: scientific research, 
training of experts through a system of fellowships, 
and the provision of services to organizations and 
persons who, under certain conditions, will be author- 
ized to request calculations required to solve unusually 
complex scientific, technical, administrative, or finan- 
cial problems. 


In cooperation with the Royal Australian: Air Force, 
the U.S. Air Foree is to operate an inland meteoro- 
logical research station near Alice Springs, Australia. 
This station will supply information to scientists at the 
Woomera rocket range in South Australia, and at the 
new weapons-testing site at Maralinga, Australia, 50 
mi north of the transcontinental railway, midway be- 
tween Kingoonya and Leakin. Atomic clouds that 
form above the Maralinga range are expected to drift 
in the direction of the new station in central Australia. 


Two species of imported parasitic flies may aid in 
sugarcane borer control, the U.S. Department of Agri- 
culture reports. After 2 years of tests, research 
entomologists at the USDA Sugarcane Field Station, 
Houma, La., describe the parasites as “promising” for 
gaining partial control of the destructive sugarcane 
insect, and some Louisiana cane growers have im- 
ported and released the flies in their fields. 

One of the flies—Metagonistylum minense—came 
originally from the Amazon; the other—Lixophaga 
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diatraeae—from Cuba. Both attack the borer in the 
same way. They deposit their eggs near the entrances 
of holes made by the borers in the sugarcane stalks. 
The eggs hatch almost immediately into maggots that 
move into the holes and destroy the borers. 

In cooperative research with the Louisiana Agricul- 
tural Experiment Station, USDA’s Agricultural Re- 
search Service has successfully imported these flies 
from Trinidad and established them on at least four 
Louisiana sugarcane plantations. A year after their 
release on one plantation, the parasitic flies achieved 
75 pereent borer control. New generations of the flies 
had migrated as far as 2 mi from the original release 
point. 

Investigators speak in terms of “partial” control, 
because they anticipate that, as with other parasitic 
insects, populations of these flies will tend to ebb and 
flow as they are influenced by host abundance and 
prevailing weather. However, even some help would 
be weleome to growers, who must pay about $9 an 
acre annually to have their cane dusted with insecti- 
cides for borer control. Dusting is justified if 7 shoots 
of cane in 100 ft of row are infested. If parasites 
could reduce the infestation to below 6 infested shoots 
per 100 ft of row, at least one and perhaps two of the 
seasonal dustings could be eliminated. 


General Motors Research Laboratories Division and 
the Medical College of South Carolina have announced 
development of the electrostethograph, a device that 
makes it possible to study heart sounds that are in- 
audible through a stethoscope. The new machine uti- 
lizes both an oscilloseope and a direct-writing mecha- 
nism. The patient lies on a foam rubber mattress that 
absorbs any interference vibrations, and the recording 
is made through a small flat dise that is placed on the 
chest. 


Yale University has announced the acquisition of 
the Codex Paneth, a 1378-page volume that is be- 
lieved to have been the entire medical library of the 
University of Prague when it was founded in 1347. 
The work comprises 42 separate texts that represent 
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a eross section of all medical knowledge available at 
the beginning of the 14th century. For more than 70 
years, the Codex has been owned by the Paneth fam- 
ily of Germany, its most recent owner having been 
director Friedrich A. Paneth of the Max Planck In- 
stitute, Heidelberg. The volume was presented to the 
Yale medical library by 60 of the library’s associates. 


Albert M. Day, assistant to the director of the U.S. 
Fish and Wildlife Service who retires this month, 
will head a study of North American waterfowl for 
the Arctic Institute of North America. Work on pre- 
liminary aspects of the investigation, to be sponsored 
by the institute with the support of private contribu- 
tors, will commence 16 June at the institute’s Wash- 
ington, D.C., office. 

The purpose of the project is to study the programs 
and policies of all land and water-use agencies that 
directly or indirectly affect the breeding, protection, 
and perpetuation of waterfowl on the continent. 

While the sportsman’s “take” of wild ducks and 
geese is carefully controlled under treaties among the 
United States, Canada, and Mexico, increasing pres- 
sures upon waterfowl habitat resulting from the elim- 
ination of marshlands continue to cause concern 
among conservationists. The Arctic Institute is inter- 
ested in this problem because the birds are of basic 
economic value to some 150,000 Eskimos and Indians 
in the arctic and subarctic regions of Canada and 
Alaska. Before adequate measures can be formulated 
to meet waterfowls needs, a thorough evaluation of 
the present situation is indicated. 

Reports from the waterfowl research project are 
expected to cover such subjects as the effect on water- 
fowl of progressive drainage of swamps, marshlands, 
and prairie potholes for agricultural and commercial 
purposes; of large water impoundments such as TVA; 
and of the increasing encroachments of civilization in 
the far North, particularly during the summer months 
when the birds are nesting. The location and extent of 
present waterfowl refuges will be studied, and con- 
sideration given to the relationship between the loss 
of waterfowl habitat and the alarming reduction of 
ground water levels in certain areas. 


The complete plans of the first nuclear reactor can be 
purchased from the U.S. Commissioner of Patents for 
25 et. The first patent ever issued for the device that 
made use of atomic energy possible was granted to the 
late Enrico Fermi, Nobel laureate, and Leo Szilard of 
the department of biophysics at the University of 
Chicago. Containing 27 sheets of drawings and 30 
sheets of printed matter, the reactor patent is com- 
parahle to a textbook on atomic energy. The docu- 
ments contain some details that have not been pub- 
lished heretofore. Among these are (i) an explanation 
of “danger coefficients,” those factors that might be 
dangerous or that might inhibit the continuation of a 
chain reaction; (ii) an explanation of “exponential 
pile,” that is, the geometry of the nuclear pile that 
must be constructed so that the neutron density de- 
clines exponentially with distance from the source; 
R22 


(iii) two methods for caleulating pile design; (iv) 
three reactor designs—one with a solid moderator, one 
with a liquid moderator, and one with a beryllium 
moderator. 

In their 104-year-old @pplication, Fermi and Szi- 
lard stated : 


We have discovered certain essential principles 
required for the successful construction and opera- 
tion of self-sustaining neutron chain reacting systems 
(known as neutronic reactors) with the production of 
power in the form of heat. 

In concluding their description, the men said: “With 
modifications, the reactors herein described can also 
be used as sources of power in useful form.” 


Successful long-distance radio transmission at fre- 
quencies in the 30- to 40-Mcy/see band was announced 
at the convention of the Institute of Radio Engineers 
in New York. High power, about 30 kw, is required 
to transmit the signals. U.S. armed forces have been 
using the new system since January 1954 for communi- 
cation between Goose Bay, Labrador, and Thule, 
Greenland, by way of Sondrestrom, south central 
Greenland. 

The new high-power system of radio propagation at 
very high frequencies is subject to less atmospheric 
interference than conventional short-wave systems, 
which operate at frequencies in the 3- to 30-Mey/see 
band. The 30- te 40-Mey /see band is now used for low- 
power, short-range transmission—Army field tele- 
phones, police broadcasts, and industrial eommuniea- 
tion. Most of the radio-frequency power in the new 
method is lost, but some is reflected in the lower part 
of the E layer of the ionosphere. This portion is re- 
ceived by high-gain directional antennas. 

The scientists who first reported experimental dis- 
covery of the new type of radio propagation were 
D. K. Bailey, R. Bateman, and G. F. Montgomery of 
the National Bureau of Standards; L. V. Berkner of 
Associated Universities; Upton, N.Y.; H. G. Booker 
of Cornell University; E. M. Pureell of Harvard Uni- 
versity; W. W. Salisbury of Collins Radio Co., Cedar 
Rapids, Iowa; and J. B. Wiesner of Massachusetts 
Institute of Technology. 


This year Ruth Patrick, curator of limnology in the 
Academy of Natural Sciences of Philadelphia, will 
lead an expedition to the Amazon River in South 
America for the purpose of studying the biological 
pattern of the stream. For 8 years she and her staff 
of biologists have been studying North American 
rivers. To advance knowledge of: what constitutes a 
healthy stream, it is necessary to examine a tropical 
river for comparisons, The expedition is sponsored 
by the Catherwood Foundation, of which Cummins 
Catherwood, of Bryn Mawr, Pa., is president. This 
foundation has been supporting the academy’s re- 
search extensively, one important phase being devel- 
opment of the Catherwood diatometer, an instrument 
originated by the academy. It is used in the collection 
of diatoms, which provide an index to the biological 
condition of a stream, 
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An advance party left by air 30 May for Lima, 
Peru; it consisted of Patrick, Matthew Hohn, assist- 
ant curator, and H. Radclyffe Roberts, director of the 
academy. From Lima they will fly over the Andes and 
into the Amazon basin of Brazil for the purpose of 
locating stations for the scientific collecting and field 
laboratory work that will be done in the fall by an 
academy team that will consist of biologists, chemists, 
and bacteriologists. 


Three men have left for Japan to discuss the peace- 
time uses of atomic energy with Japanese business- 
men, industrialists, and scientists. The mission con- 
sists of John Jay Hopkins, chairman of the board and 
president of the Generai Dynamics Corp., which built 
the first two atomic-powered submarines; Ernest O. 
Lawrence, University of California Nobel laureate in 
physies; and Lawrence R. Hafstad, former director of 
the division of reactor development for the Atomic 
Energy Commission and now director of the atomic 
energy division of the Chase National Bank in New 
York. The invitation to visit Japan, which was en- 
dorsed by Japanese Government officials, was ex- 
tended earlier this year by Matsuraro Shoriki, Toyko 
newspaper publisher and businessman. 


Scientists in the News 


Chie Nakane, a Japanese woman anthropologist, and 
Asta Ekenvall of Sweden have been chosen from 77 
applicants representing 13 countries as the first re- 
cipients of the Swedish Elin Wigner scholarship for 
research on “Woman’s role in history.” They will re- 
ceive Kr. 5000 each. Nakane will study the remains 
of a matriarchal society in Assam and Malabar, and 
Ekenvall will investigate women’s intellectual creative 
contributions to Western culture. 


The Willard Gibbs medal, one of the highest awards 
in chemistry, was presented on 20 May to Farrington 
Daniels, University of Wisconsin chemistry professor, 
at the annual dinner of the Chicago section of the 
American Chemical Society. The medal is awarded 
annually by the society to a chemist whose achieve- 
ments have been particularly outstanding. In the 
years since it was established—1910—the medal has 
been given to eight men who became Nobel prize 
winners. 


James A. Halsted has been appointed chief of pro- 
fessional services at the Veterans Administration Hos- 
pital, Syracuse, N.Y., and associate professor of medi- 
cine at the State University of New York College of 
Medicine at Syracuse. He was formerly a member of 
the staff at the Veterans Administration Hospital in 
Los Angeles and on the faculty of the University of 
California Medical Center. 


Franklin V. Taylor, head of the engineering psychol- 
ogy branch at the Naval Research Laboratory and 
acting head of the engineering psychology branch at 
the Office of Naval Research, will leave in mid-June 
for Cambridge, England, where he will work under 
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Frederick Bartlett of the Applied Psychology Unit, 
Medical Research Council of Great Britain. As an 
additional duty, Taylor will survey the progress of 
engineering psychology in Europe for ONR. 


P. Piganiol, director of research, St. Gobain, Chauny 
and Cirey, Franee, spoke on 2 June at the Polytech- 
nic Institute of Brooklyn on “Progress in polymer 
research in France.” 


Lady Dhanvanthi Rama Rau of India received the 
Albert and Mary Lasker award from the Planned 
Parenthood Federation of America at its 35th an- 
nual luncheon in New York on 6 May. The citation 
said : 

As Chairman of the International Planned Parent- 
hood Federation, she has combined the pioneer child 
spacing experience of America and Europe with the 
profound needs and insights of the Orient to give a 
new vitality to the entire movement. ... She has 
displayed a genius for breaking the right tradition 
at the right moment. . . . 


Alfred H. Stanton, assistant professor of psychiatry 
at Boston University School of Medicine, has been 
appointed psychiatrist-in-chief of the MeLean Hos- 
pital, Waverley, Mass., and associate professor of 
psychiatry, Harvard Medica! School. Stanton, an au- 
thority on social psychiatry, at present is also chief 
of the psychiatric closed ward section of the Boston 
Veterans Administration Hospital. He will take over 
his new duties in the near future at the McLean Hos- 
pital, which is a division of the Massachusetts Gen- 
eral Hospital, a teaching hospital associated with tie 
Harvard Medical School. 


Charles L. Critchfield, professor of physics at the 
University of Minnesota, has been appointed director 
of scientific research for the Convair Division of Gen- 
eral Dynamics Corp. He was one of 14 scientists re- 
cently announced as consultants for Convair. A mathe- 
matical physicist, much of his work has been in the 
theories of nuclear reactions, transmutations in stars, 
and nuclear forces and in the electron-positron pair 
theory of nuclear forces. 


Richard W. Tiecke, former deputy chief of the oral 
pathology branch of the Armed Forces Institute of 
Pathology, Washington, D.C., has been appointed as- 
sociate professor in the department of pathology at 
Northwestern University. In addition to conducting 
research in oral cancer and teaching at the dental 
school, he will serve on the consulting staffs of several 
Chicago hospitals that are affiliated with the univer- 
sity. 


Robert F. Thomson, head of the metallurgy depart- 
ment of the research laboratories division of the Gen- 
eral Motors Corp., has received the John A, Penton 
gold medal from the American Foundrymen’s Society. 
The award, one of the society’s highest honors, was 
presented for “outstanding contributions to the society 
and the industry in foundry research, particularly in 
the field of light metals.” 
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Herbert Riehl of the department of meteorology, 
University of Chicago, will join the staff of the Uni- 
versity of Colorado’s High Altitude Observatory at 
Boulder, 27 June-15 Aug. The appointment was made 
possible by the Munitalp Foundation, whose director 
of research, Vincent J. Schaefer, is’ well known for 
his interest and research in matters related to jet- 
stream phenomena. Riehl’s work at Boulder will be 
closely related to the scientific program of the foun- 
dation. He will conduct a special seminar on prob- 
lems of solar-weather relationships, jet-stream forma- 
tion, and other problems of the general circulation of 
the earth’s atmosphere, and he will carry out research 
in solar-weather relationships. 


Albert G. Hogan, professor of animal nutrition and 
chairman of the department of agricultural chemistry, 
University of Missouri, was honored by friends, col- 
leagues, and former students at a dinner held in Co- 
lumbia on 21 May. Hogan will retire this year after 
35 years of service at the University of Missouri. At 
the dinner his former students presented the univer- 
sity with a portrait, and the Hales and Hunter Co. of 
Chieago announced the establishment of a graduate 
fellowship in his name. 


Harry N. Holmes, emeritus professor of chemistry 
at Oberlin College and former president of the Ameri- 
can Chemical Society, has received the James Flack 
Norris award of the society’s Northeastern Section. 
The. award, which consists of a medal, a scroll, and 
approximately $1000, is conferred biennially to recog- 
nize “outstanding achievement in the teaching of 
chemistry.” 


James D. Hardy, associate professor of surgery at 
the University of Tennessee College of Medicine, will 
become professor and head of the department of sur- 
gery at the University of Mississippi on 1 June. Mis- 
sissippi will open a new 4-year medical school in Sep- 
tember. 


T. H. Goodding, professor of agronomy, has re- 
ceived the University of Nebraska Foundation Award 
for Distinguished Teaching in the physical and tech- 
nologie sciences. This award, which consists of a 
medal and $1000, was presented to Goodding at the 
27th Annual Honors Convocation. Goodding joined 
the university’s staff in 1917 as an agricultural ex- 
tension specialist. 


Two appointments have been announced by the 
American Cancer Society. Harry M. Weaver, former 
research director of the National Foundation for 
Infantile Paralysis and until recently a research 
consultant for A.C.S., has been. named the society’s 
administrator for research; and Frederick W. Nord- 
siek has been made executive officer of the research 
department. 


The first in a series of annual lectures in memory 
of Rollin Turner Woodyatt, internationally known 
Chicago physician, medical teacher, and investigator, 
was given on 20 May under the auspices of Northwest- 
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ern University Medical School. Evarts A. Graham, 
emeritus professor of surgery at Washington Uni- 
versity, St. Louis, Mo., and a close friend of Wood- 
yatt, delivered the initial memorial lectures. Wood- 
yatt, who died in 1953,-devoted his professional life 
to the study of diabetes and was well known for his 
achievements in the care of diabetic patients. 


Mary F. Blade, first and only woman teacher of 
engineering at Cooper Union, has been named di- 
rector of Cooper Union’s 1000-acre Green Engineer- 
ing Camp at Ringwood, N.J. Blade has also been 
promoted to associate professor of mechanical engi- 
neering. Her appointment at Ringwood is effective on 
1 Sept., when she will succeed J. Merriam Peterson, 
director of the camp since 1943. He has requested to 
be relieved in order to be able to devote more time to 
his work in chemical engineering. 


Meetings 


The 1955 annual meeting of the Association for 
Computing Machinery will take place in Philadelphia 
at the University of Pennsylvania 14-16 Sept. It is 
open to nonmembers of the association. The primary 
effort of the convention will be directed toward bring- 
ing the scientist and businessman together to discuss 
on an equal basis their particular progress and prob- 
lems in connection with automatic computing and 
data-handling machines. 

To this end, a series of papers reflecting the latest 
thinking in linear programming, logical and machine 
design, numerical analysis, and business applications 
and management techniques will be presented. 

As an added opportunity for personal contact and 
the informal exchange of ideas, the association has 
planned a series of luncheons and discussion groups 
featuring well-known speakers. The subjects dis- 
cussed will concern: computers in scientific applica- 
tions; computers in dustrial control and automa- 
tion; computer application for accounting and man- 
agement; the future of computers. 

The association will consider papers for approval 
up to 15 June. Three copies of abstracts of not more 
than 120 words should be sent to the chairman of the 
program committee, Professor J. P. Nash, Digital 
Computer Laboratory, University of Illinois. Each 
paper will be limited to 20 minutes. The chairman 
of the local arrangements committee is Morris Rubin- 
off, Moore School, University of Pennsylvania. 


It has been announced that the Montreal Corrosion 
Symposium will be held 15-16 Sept. at the Sheraton- 
Mount Royal Hotel in Montreal. This symposium is 
jointly sponsored by the National Research Council’s 
Associate Committee on Corrosion, the Montreal Sec- 
tion of the National Association of Corrosion Engi- 
neers, and the Protective Coatings Division of the 
Chemical Institute of Canada. 

The preliminary list of papers indicates that there 
will be participants from Halifax to Vancouver as 
well as from the United States. Among the subjects 
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to be diseussed are corrosion of copper and gold al- 
loys by ammonia solutions; fundamental testing of 
marine paints, and a review of present marine cor- 
rosion problems; fundamentals of pulp digester cor- 
rosion; fretting corrosion; corrosion aspects of plant 
design; cathodic protection; surface preparation of 
metals; and practical aspects of corrosion in the rail- 
way industry. 


An International Symposium on Macromolecules, 
sponsored by the Commission on Macromolecules of 
the International Union of Pure and Applied Chem- 
istry, will be held in Israel, 3-9 Apr. 1956. Host to 
this symposium will be the Weizmann Institute of 
Science, Rehovoth. Papers will be presented in three 
sections, to be held successively, on (i) general be- 
havior of polymers in solution; (ii) behavior of bio- 
colloids and polyelectrolytes in aqueous solutions; 
and (iii) the behavior of special polymeric systems. 
For further information write to Prof. A. Katchal- 
sky, Weizmann Institute of Science, Rehovoth, Israel. 


Education 


In mid-May ground was broken for construction of 
a $1-million medical clinie building at Emory Univer- 
sity. R. Hugh Wood, dean of the medical school, is 
clinie director. The five-story stueco and limestone 
structure will face Emory University Hospital and is 
expected to be completed within the year. Nearby are 
the recently construeted Woodruff Memorial Research 
Building, and Aidmore Hospital. Also affiliated with 
Emory’s medical activities are the Glenn Building at 
Grady Hospital, downtown headquarters of the medi- 
eal school; the new Grady Hospital that is under con- 
struction and which will be staffed by Emory; and a 
proposed Communicable Disease Center, a six-building 
project that will go up on a 15-acre tract near the 
university hospital. 


A course in scientific writing for teachers of science, 
teachers of English, and administrators is being of- 
fered by the University of Virginia, 5 July-13 Aug. 
The course will be divided into four major areas of 
interest: library resources; research techniques and 
experiments applicable to the high school level; the 
scientist’s problems in writing and speaking; and the 
practical application of information and technique to 
teachers’ individual problems, such as organizing mate- 
rial for science fairs, writing copy for community ex- 
hibits, and advising students on specific projects. 
Teachers’ participation with practicing scientists at 
top levels is expected to be one of the rewarding fea- 
tures of the course. ; 


A series of laboratory refresher training courses will 
be given at the U.S. Public Health Service Com- 
municable Disease Center during the period July 
1955—June 1956. Information and application forms 
should be requested from the Laboratory Training 
Services, Communicable Disease Center, P.O. Box 
185, Chamblee, Ga. 
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Physicians from underdeveloped countries who are 
sponsored by the World Health Organization may 
now be trained in the Federal Republic of Germany. 
Special schools have been arranged for that purpose at 
Diisseldorf, Hamburg, Mainz, and Munich. Previ- 
ously, doctors from these countries have gone to Great 
Britain and the United States. The expenses involved 
are paid by WHO. 


Miscellaneous 


The Wistar Institute of Philadelphia, Pa., plans to 
discontinue by 1 July the breeding of seven mutant 
strains of rats (chocolate, chocolate shaggy, yellow 
black eye, yellow red eye, curly, white shaggy, and 
mutant albino) developed by the late Helen D. King. 
These rats are offered free to any scientist or institution 
willing to maintain them for breeding purposes. The 
numbers of rats available is limited. For information 
write to Dr. Edmond J. Farris, Wistar Institute of 
Anatomy and Biology, 36th and Woodland Ave., 
Philadelphia 4, Pa. 


Scenes from Atomic Energy Commission plants in 
Idaho and Pittsburgh, now unclassified, will be seen 
publicly for the first time in a new 30-min movie 
produced. and soon to be released by the Westing- 
house Electric Corp. Entitled “A Dawn’s Early 
Light” and filmed in both color and black and white, 
the picture stars Fred MacMurray and features Fay 
Wray and Jack Dimond. The reel was made with the 
technical assistance of the U.S. Atomie Energy Com- 
mission and the Department of Defense. The film 
presents stages in the construction of the nuclear 
power plant for the U.S.S. Nautilus. One portion 
shows the shipment of the reactor core from the 
AEC’s Bettis plant near Pittsburgh to Idaho, where 
it was installed in a full-seale, land-based model of 
the Nautilus power plant. 

“A Dawn’s Early Light” is suitable for social, 
service, and school groups, civic organizations, and 
professional groups. It is available on loan without 
charge and can be purchased outright. For informa- 
tion write to the Film Division, Westinghouse Electric 
Corp., P.O. Box 2278, Pittsburgh 30, Pa. 


The New York Diabetes Association, Inc., has moved 
its offices from 2 E. 103 St. to 270 Park Ave., New 
York 17. 


The Chemical-Biological Coordination Center of 
the National Academy of Sciences—National Research 
Council has prepared a pamphlet that is designed to 
help research personnel formulate questions for sub- 
mission to the center. The pamphlet, which was pre- 
pared under the direction of G. Congdon Wood, head 
of the biology group, lists examples of nearly every 
type of question that the center has ever received. 
Entitled Types of Questions Answered by CBCC, 
the publication contains approximately 12 percent of 
all questions received between December 1952 and 
Mareh 1955. 
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Millimicrosecond Pulse Techniques. 1. A. D. Lewis 
and F. H. Wells. McGraw-Hill, New York; Per- 
gamon Press, London, 1954. iv+310 pp. Illus. + 
plate. $7.50. 


The field of very short pulses is a quite difficult 
one, and the experimenter is hampered by having no 
equipment to view the pulses whose indication can be 
completely believed. For this reason, any help he can 
get is greatly appreciated. This book provides a con- 
siderable amount of good advice and many references 
to more. 

The first chapter contains a quick review of circuit 
analysis and the application of the Fourier and 
Laplace transforms to the problems of transient analy- 
sis. The second and third chapters are devoted to an 
exposition of the use of transmission lines both for 
the transfer of short video pulses and as cireuit ele- 
ments for forming or modifying pulses. The discus- 
sion also includes the use of coupled lines for pulse 
inversion. Chapters 4-6 describe the design of pulse 
generators, amplifiers, pulse discriminators, and cath- 
ode-ray oscilloscopes for millimicrosecond pulses. The 
last two chapters discuss application of short-pulse 
equipment to numerous problems in nuclear physics 
and other fields of physical measurement. 

The treatment of transmission-line problems is very 
good and quite detailed. The effects of changes of 
dimension without change of impedance, support 
beads, and terminations upon pulse shape are con- 
sidered, Chapter 3 is concerned mostly with the use 
of tapered transmission lines, either plain or helical, 
as pulse transformers for increasing or decreasing 
pulse size, for impedance matching, or for pulse in- 
version with or without a change of pulse size. 

The next chapter, dealing with signal generators, 
describes most of those in general use for testing 
equipment using millimicrosecond pulses. It includes 
the contact type (of which the mercury-switch pulser 
is a familiar example) as well as the gas tube and 
secondary emission-tube types. This section, and in- 
deed the whole book, has a quite extensive bibliogra- 
phy that gives a useful starting point for those who 
do not follow the literature on this subject. 

The chapter on amplifiers includes the cireuit con- 
siderations and some details of the design of 100- and 
400-megacycle wide amplifiers for oscilloscope use. 
The limitations of cathode-ray tubes when they dis- 
play pulses with swift rise and fall are considered 
at length in Chapter 6, and the performance of some 
tubes is illustrated. Time base cireuits giving sweeps 
as short as 4 millimicroseconds are shown. 

The last two chapters on applications should be 
useful to many experimenters. Many coincidence ar- 
rangements are shown, including the exceedingly use- 
ful and widely used fast-slow coincidence circuits that 
are required for coincidence with energy selection. 
The only thing lacking is a good discussion of the 
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statistical problems that-enter into the choice of the 
type of coincidence circuit and the time constants of 
the various sections of the cireuits. A short discussion 
of time interval analysis and multichannel time analyz- 
ers is ineluded in this section. 

In general, this book provides a survey of milli- 
microsecond methods and an excellent bibliography 
for further reading, although the section on transmis- 
sion lines is exceptionally detailed and by far the best 
I have seen. 

P. R. Bett 


Physics Division, Oak Ridge National Laboratory 


Endemic Goiter. The adaptation of man to iodine 
deficiency. John B. Stanbury, Gordon Brownell, 
Douglas J. Riggs, Hector Perinetti, Juan Irdiz, and 
Enrique B, Del Castillo. Harvard Univ. Press, Cam- 
bridge, 1954. xii+209 pp. Illus. $4. 


This treatise on endemic goiter is based on obser- 
vations made with modern tools of study by a group 
of investigators from the Massachusetts General Hos- 
pital and the Harvard Medical School, in collabora- 
tion with several endocrinologists from Argentina. 
The study was made on a large group of goiterous 
people in Mendoza, an Argentine province situated 
on the western slope of the Andes. 

The monograph is divided into three sections. The 
Mendoza endemic goiter and the methods of study are 
first described, then the functional interrelationships 
observed in these goiterous people, and, in the last 
section, the authors present certain theoretical aspects 
of iodine metabolism with practical mathematical for- 
mulas that are applied. in evaluating and interpreting 
the studies. 

The studies that were made on these goiterous sub- 
jects included the determination of serum hormonal 
iodine, urinary iodine, and the thyroid’s avidity for 
and the fate of radioactive iodine. The effects of 
iodine in small and large doses, desiccated thyroid, 
and methimazole were defined, and the effects of the 
thyroid-stimulating hormone on these indices of thy- 
roid function were also defined. The results indicate 
that man is able to adapt himself in a remarkable 
fashion to an iodine-deficient state and maintain him- 
self in a state of euthyroidism. , 

This monograph will probably not be of practical 
value to the practising physician. However, it should 
be of great value to experimental endocrinologists and 
biophysicists. Those engaged in studies of thyroid 
physiology and of iodine metabolism will find the 
theoretical aspects of iodine metabolism and the 
mathematical formulas most valuable. 


Rvuton W. Rawson 
Memorial Center for Cancer and Allied Diseases, 
New. York, N.Y. 
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Transactions of the International Astronomical 
Union. vol. VIII. Eighth General Assembly, 4-13 


Sept. 1952, Rome. P. Th. Oosterhoff, Ed. Cam- 
bridge Univ. Press, New York 22, 1954. ix + 887 pp. 
Illus. $10.50. 


This volume contains the reports of the 38 commis- 
sions of the International -Astronomical Union that 
were made at the eighth general assembly, held at 
Rome in 1952. Important additions included in this 
volume of the transactions are the papers given at 
four symposia. These provide excellent current sur- 
veys of stellar evolution, astronomical instrumenta- 
tion, problems of astrometry of faint stars, and 
spectra of variable stars. The book concludes with a 
list of the more than 800 members of the International 
Astronomical Union. 

It is manifestly impossible in a short review even 
to outline the scope of a volume of nearly 900 pages 
that compiles the astronomical research completed or 
in progress through 1951. It is certainly one of the 
most important volumes of astronomical research in 
print, with the subjects treated ranging all the way 
from the history of astronomy to radio telescopes. 
This single volume will be an indispensable guide and 
reference for astronomical research in all fields and 
in all parts of the world. 

Cart K. SEYFERT 
Arthur J. Dyer Observatory, Vanderbilt University 


Physical Methods of Organic Chemistry. vol. 1, pt. 
IIL of Technique of Organic Chemistry. Arnold 
Weissberger, Ed. Interscience, New York—London, 
rev. ed. 2, 1954. xi+ 433 pp. Illus. + plate. $8.50. 


This series has become a standard reference work 
for the graduate student and investigator. Instead of 
rewriting volume I, parts I and II, this third part is 
published as a new volume in order to bring the other 
two parts up to date and also to include the more 
recent techniques in the physical methods of organic 
chemistry by adding new chapters. This was a wise 
decision in that it is psychologically easier to add a 
volume to one’s library than it is to throw one away 
and replace it by a new edition. 

Part III treats the fellowing new topics as chap- 
ters: “Electron microscopy” (F. A. Hamm), “Micro- 
spectroscopy” (E. R. Blout), “Determination of 
streaming birefringence” (R. Singer), “Measure- 
ment of dielectric constant and loss” (J. G. Powles 
and C. P. Smyth), “Radio-frequency spectroscopy” 
(B. P. Dailey), and “Neutron diffraction” (J. M. 
Hastings and L. M. Corliss). 

Each topic is discussed in detail from the stand- 
points of definition and limitations of the method and 
of special techniques for application of the method. 
The theoretical and mathematical backgrounds are not 
too difficult to be grasped by most organic chemists. 
Physical chemists will have no difficulty in these re- 
spects. In most chapters examples are included that 
seem to have been selected with a desire to elucidate 
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the scope of the procedures described. Some examples 
also illustrate the limitations that are encountered in 
using the methods. 

The following supplementary chapters to parts I 
and II are included: “Viscometry of dilute polymer 
solutions” (T. E. MeGoury and H. Mark), “Determi- 
nation of erystal structure of organic compounds by 
x-ray diffraction” (D. Harker), “Electron diffraction 
by the sector-microphotometer method” (L. 0. Brock- 
way), “Determination of magnetic susceptibility” (P. 
W. Selwood), and “Determination of radioactivity by 
scintillation counting” (J. F. Bonner). 

These supplementary chapters discuss theoretical 
developments and some experimental examples that 
have appeared since publication of the earlier parts. 
Descriptions of actual techniques are limited in this 
section, and the investigator should refer to parts I 
and II for these details. 

Two points stand out in this book. First, the ex- 
planations are very clear, and anyone who is not 
familiar with all the newer physical techniques as 
applied to organic chemistry (and who is!) will find 
very little difficulty in following the development of 
the various topics. Second, the mathematical back- 
ground has been limited to the necessary material 
required to understand why and how the methods 
operate. 

An encouraging feature of this series is the fact 
that the authors of the various chapters are listed on 
the title page; failure to do this has been deplorable 
in some other collaborative work. However, listing 
them as “contributors” should be changed to “au- 
thors,” since this has a more exact semantic content. 

The general make up of the book is excellent, and 
the index is adequate without being unnecessarily 
long. 

THomas 8S. GARDNER 
Hoffmann-La Roche Inc. 


Decision Processes. R. M. Thrall, C. H. Coombs, and 
R. L. Davis, Eds. Wiley, New York; Chapman & 
Hall, London, 1954. viii + 332 pp. Illus. $5. 


This volume contains a collection of 19 papers 
either presented at or an outgrowth of an 8-week 
seminar series on “The design of experiments in de- 
cision processes” held in 1952 at Santa Monica. Indi- 
rectly, it stems from a series of seminars on the role 
of mathematics in the social sciences that were started 
in the fall of 1950 at the University of Michigan. 

The title Decision Processes does not imply that 
the papers are limited to the branch of statistics 
bearing that name. The individual papers range in 
character from pure mathematics to experiments in 
group dynamics, but all are directed at the applica- 
tion of mathematics to behavioral sciences in general 

and at decision processes in particular. [p. vi] 


The introductory paper by R. L. Davis serves to 
lend a degree of unity to the collection. Of partieu- 
lar interest is the second paper by Coombs, Raiffa, and 
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Thrall on “Mathematical models and measurement 
theory,” which reviews the role of mathematical mod- 
els in a science and their application in measurement 
theory. 

The volume is divided into four parts. The first 
part deals with both the standard problem of statis- 
tical decision and the problem of group choice. Mil- 
nor, in “Games against nature,” discusses the proper- 
ties of four decision-making criteria. Coombs, in 
“Social choice and strength of preference,” shows 
how to derive, under certain conditions, a social util- 
ity function that explicitly weights individuals’ 
strength of preference. Part 2 deals with learning 
theory, with contributions by Bush, Mosteller, Thomp- 
son, Estes, and Flood. 

Part 3 deals with the problem of utility that has 
been a central one in economic theory for many years. 
In this section, Marschak, in “Towards an economic 
theory of organization and information,” extends 
“. , . the economic theory of a rational firm into the 
domain of uncertainty, giving special regard to the 
character of a firm as a team.’’ How shall a team, a 
group for which the group interest coincides with the 
individual’s interest, act to maximize its gain? Part 4 
describes some experimental studies. Thus, for ex- 
ample, Hoffman, Festinger, and Lawrence, in “Ten- 
dencies toward group comparability in competitive 
bargaining,” examine experimentally the game-theory 
assumption that players decide on coalitions strictly 
on the basis of their desire to maximize their returns. 
They examine the behavior of players in terms of 
more realistic utility systems that include a compari- 
son of one’s own performance “. . . with the per- 
formance of others whom they accept as comparable 
to themselves.” 

Decision Processes contains a stimulating series of 
articles, adding significantly to the growing body of 
literature on the role of mathematics in the social 
sciences, The papers that I have singled out for men- 
tion met only one criterion—their interest to me. 

Irvinc ROSHWALB 
Opinion Research Corporation 


Advances in Catalysis and Related Subjects. vol. V1. 
W. G. Frankenburg, V. I. Komarewsky, and E. K. 
Rideal, Eds. Academie Press, New York, 1954. 
xiii + 467 pp. Illus. $10.50. 


A very puzzling problem in the behavior of con- 
tact catalysts is the increase in the frequency factor 
with decreasing activation energy when the simple 
Arrhenius equation is used for many reactions. Two 
possible explanations are presented in this book. In a 
stimulating chapter on the general aspects of chemi- 
sorption and catalysis, Takao Kwan shows that both 
the frequency factor and the activation energy vary 
with the fraction of the surface covered by adsorp- 
tion, and he calculates the extent of the variation from 
an almost bare surface to one that is completely cov- 
ered. P. B. Weisz and C. D. Prater, in their chapter 
on interpretation of measurements in experimental 
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catalysis, discuss results of rate measurements on 
catalysts of the same chemical composition but of 
different physical form (for example, pore size dis- 
tribution). They show that an apparent linear rela- 
tionship between the logarithm of the frequency fac- 
tor and the activation energy results from influences 
of different diffusion factors on the rate of reaction. 

This volume also contains informative reviews of 
catalysis and reaction kinetics at liquid interfaces by 
J. T. Davies, synthetic polymer catalysts by W. P. 
Dunworth and F. F. Nord, commercial isomerization 
by B. L. Evering, acidic and basic catalysis by M. 
Kilpatrick, and industrial catalytic cracking by R. V. 
Shankland. This last-mentioned topic is the largest 
section of the book and is an excellent presentation 
of the current state of the art of catalytic cracking 
of petroleum. 

H. H. Srorce 

Stamford Research Laboratories, 
American Cyanamid Company 


Miscellaneous Publications 


(Inquiries concerning these publications should be addressed, 

not to Science, but to the publisher or sponsoring agency.) 

Anales, vol. III, No. 3. Ministerio de Agricultura. Insti- 
tuto Nacional de Investigaciones Agronomicas, Madrid, 
1954. 134 pp. Illus. 

A Systematic Monograph of the Dermaptera of the 
World. Based on material in the British Museum (Nat- 
ural History). Pt. 1, Pygidicranidae. W. D. Hincks. 
British Museum (Natural History), London, 1955. 
£1 15s. 132 pp. , 

Malaria: A World Problem. vol. 9, Nos. 2-3, of Chronicle 
of the World Health Organization. World Health Or- 
ganization, Geneva, 100 pp. 60¢. 

Jaarboek der Koninklijke Nederlandse Akademie van 
Wetenschappen, 1953-1954, The Akademie. North- 
Holland, Amsterdam, 1954. 315 pp. Illus. 

Carnegie Institution of Washington Year Book No. 53. 
Tho Institution, Washington, 1954. 311 pp. Illus. Paper, 
$1; cloth, $1.50. 

Recent Sediments of the Gulf of Paria. Reports of the 
Orinoco Shelf Expedition. vol. I. Tj. Van Andel and 
H. Postma. North-Holland, Amsterdam, 1954. 240 pp. 

Pericula Prope Amenanum Zuri Epistola ad Discipulum. 
Certaminis Poetici Hoeufftiani. Academia Regia Dis- 
ciplinarum Nederlandica, Amsterdam, 1954. 18 pp. 

Nuclear Science Abstracts. vol. 9, No. 6A. U.S. Atomic 
Energy Commission, Technical Information Service, 
Oak Ridge, Tenn., 1955. 48 pp. 

Shopping Habits and Travel Patterns. Highway Res. Bd. 
Special Rpt. 11-B. Natl. Acad. Sciences—Natl. Research 
Council, Washington 25, 1955. 21 pp. 75¢. 

Aphids and Scale Insects on Ornamentals. Bull. 588. 
John ©. Schread. Connecticut Agr. Expt. Sta., New 
Haven, 1955. 22 pp. 

Bulletin de l'Institut International de Statistique. Meth- 
odologie generale et statistique mathematique, statis- 
tique economique, enseignement de la statistique. Tome 
XXIV, 2eme livraison. L’Institut, Rome, 1954. 723 pp. 

Heralds of Science. As represented by 200 epochal books 
and pamphlets selected from the Burndy Library. 
Burndy Library, Norwalk, Conn., 1955. 96 pp. 
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Technical Papers 


Improved Hanging-Strip Paper- 
Electrophoresis Technique 


F. G. Williams, Jr., E. G. Pickels, E. L. Durrum* 


Specialized Instruments Corporation, Belmont, California, 
and Army Medical Service Graduate School, 
Washington, D. C. 


The hanging-strip paper-electrophoresis technique 
for protein separation (1) is coming into wide use, 
particularly for clinical purposes (2). In this tech- 
nique, the rack supporting the strip is removed from 
the cell at the end of an experiment and placed in 
an oven to dry and fix the protein pattern on the 
strips before they are dyed. It has been recognized 
for some time that distortions of the patterns occur 
during this drying stage. Attempts have been made 
to avoid this difficulty by placing the strips immedi- 
ately in a dye-coagulant solution without the drying 
step (3). This expedient has the drawback that the 
proteins may not be thoroughly “denatured,” which 
may lead to variations in dye uptake .(4, Chap. 18). 
For separation involving substances that cannot be 
chemically coagulated or precipitated in situ, some 
drying procedure usually must be employed. 

The degree of pattern distortion due to liquid re- 
distribution incident to drying was conveniently visu- 
alized by the following procedure (Fig. 1, top). Ref- 
erence circles were marked with a pencil on dry 
strips; the paper was saturated with buffer and then 
subjected to the electrophoresis procedure. Immedi- 
ately prior to the drying step, spots of dye solution 
(acid fuchsin) were rapidly applied from a pen point 
at the reference marks. The strip was lifted from the 
buffer and was oven dried while it was still apically 
supported on the rack. The movement of the dye spots 
away from the reference marks then gave an indica- 
tion of the magnitude of fluid redistribution and in- 
cidental pattern distortion. Similar experiments with 
serum proteins followed by dyeing showed distortions 
of like magnitude. 

Pattern distortion can be substantially eliminated 
Fig. 1, bottom) if the following conditions, which are 
listed in their probable order of importance, are ful- 
filled. (i) Excess liquid at the dependent ends of the 
strips must be removed as soon as the vapor-saturated 
enclosure is opened. (ii) The application of heat to 
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all areas of the paper strip should be uniform. (iii) 
The strip should not be dried in contact with any 
support within or near the region of the pattern. 
(iv) Drying should be carried out at a rapid rate to 
arrest fluid movement as quickly as possible. 

When a rack is lifted from a cell, a drop of electro- 
lyte is dependent from the ends of the strips (Fig. 
2B). The drop of fluid acts as a reservoir con- 
tinuously feeding electrolyte upward toward the apex 
of the strip in a manner analogous to ascending chro- 
matography. This effect varies in magnitude along 
the length of the strip, being greatest near the ends 
and zero at the apex (Fig. 1, top). As a consequence, 
distortion of the protein pattern results with loss of 
resolution; and, further, observed mobilities are less 
than actual mobilities (4, Chap. 15). 

An obvious solution to this difficulty would be to 
blot the ends of the strips prior to placing them in 
the oven. We tested a strip rack that carried a plastic 
support bar, against which the strip ends could be 
blotted after the rack was removed from the cell. It 
was found to be difficult to blot each strip end in a 
reproducible manner, and that downward displace- 
ment into excessively blotted ends sometimes occurred. 

Another solution to this difficulty is to cut off the 
dependent ends of the strips prior to placing them in 
the oven. It has been found, however, that by employ- 
ing a heavy filter-paper wick between the strip ends 
and the electrolyte reservoir, the desired effect is pro- 
duced in a more convenient and reproducible manner 
(Fig. 2 C, D) as the strips are removed from the 
cell. 

A support rod touching the strip during drying (5) 
produces a characteristic artifact presumably due to 
local shading and alteration of the drying rate owing 
to the heat capacity of the support. The strip should 
therefore not be dried in contact with any support in 
or near the pattern area. 

The cell design illustrated in Fig. 2 A permits dry- 
ing to be carried out without pattern distortion and 
preserves the advantages of the hanging-strip pro- 
cedure, which utilizes gravity to promote the attain- 
ment of reproducible capillary equilibrium. The paper 
strips are removed at the end of the experiment on 
the detachable folding rack, which pulls them hori- 
zontal and almost taut, the pattern area of the strip 
hanging free from contact with the central support. 


Fig. 1. Pattern distortion 
incidental to drying. (Top) 
Strip was dried over apical 
rod without removal of de- 
pendent drop (Fig. 2C). 
(Bottom) Strip was dried 
on the rack shown in Fig. 2 
after removal from inter- 
mediate wick, without for- 
mation of dependent drop. 
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PLASTIC PEGS 
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Fig. 2. Hanging-strip paper-electrophoresis cell and rack. 
(A) Cell with parts separated for visualization. (B) For- 
mation of dependent drop of electrolyte. (C, D) Elimi- 
nation of drop by intermediate wick. 


Fig. 3. Reproducibility study. Strips from eight different 
experiments, performed on the dates indicated, with the 
cell shown in Fig. 2. The experimental conditions were 
Whatman No. 3MM filter paper, eight strips 29 by 300 
mm, 0.01 ml of serum applied at the apex, barbital buffer 
pH 8.6, 0.075, 16-hr duration, constant current of 8 
ma (for eight strips), and stained with bromphenol blue 
(4, 6). 
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Under these conditions the strips dry with practically 
no shift of the resolved zones. This procedure also 
prevents the formation of apical creases, which are 
difficult to avoid when any of the heavier papers (for 
example, Whatman No. 3MM) are dried over an 
apical rod. Since these ereases are reproduced as 
spikes by most photoelectric scanners, they may ob- 
seure the “application artifact” which is caused by 
the presence of particulate material, traces of fibrin- 
ogen, and other substances in the serum that are pre- 
cipitated or otherwise bound at the origin. The ap- 
plication artifact probably has clinical significance. 

Figure 3 illustrates the reproducibility and resolu- 
tion obtainable with apparatus of this design when 
Whatman No. 3MM strips, 29 by 300 mm were used, 
The same serum was studied during eight different 
experiments over the course of 2 wk. 
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Use of Narrow Holes for Producing 
Glow-to-Arc Transitions 


Paul L. Copeland and B. Pearson De Lany 
Illinois Institute of Technology, Chicago 


When, in experimental apparatus designed to con- 
fine the cathode spot on the surface of a mercury 
pool to a small area (7), a pinhole is left in a funnel- 
shaped glass member joined to the envelope in a ring- 
seal (2), a glow-to-are transition usually results in 
an are passing through the pinhole. These observa- 
tions are presented as unmistakable evidence that a 
concentration of current in the positive column of a 
glow discharge is a condition that favors the estab- 
lishment of a cathode spot and the resulting transi- 
tion to the are. If the hole is in the millimeter-size 
range, the are takes the path through it in the major- 
ity of cases over a considerable range of gas pres- 
sures. In a glow discharge, the current density through 
a hole of fixed size can be increased by adding appro- 
priately placed conducting extensions to the cathode, 
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and this increases the probability that the are will be 
set up through the hole. 

The form of the tubes used in this investigation is 
suggested by Fig. 1. A hole is intentionally left in the 
wall of the constriction, and its approximate size is 
measured. With a given geometry, in which the size 
of the hole is a dominating factor, there is a definite 
variation with vapor pressure in the ratio of the num- 
ber of times the are is initiated within the constriction 
to the number of times it is formed through the hole 
in the constricting member. This is shown in Fig. 2, 
where the ambient temperatures of the experimental 
tube shown on the X-axis correspond to the vapor 
pressures shown at the top of the figure. The propor- 
tion of the glow-to-are transitions that take the path 
through the hole is plotted on the Y-axis. 

The sampling procedure is to raise the potential 
difference between anode and cathode until the are is 
established and to record whether or not the are 
column passes through the hole. The data plotted in 
Fig. 2 were obtained by repeating the procedure 
until 20 events of the same kind had been recorded, 
and since this did not result in samples of large size, 
considerable statistical fluctuation associated with the 
experimental points plotted is to be expected. The 
first curve, at the lower right-hand side of the figure, 
corresponds to a hole of approximately. circular cross 
section with a diameter of about 1 mm. This curve 
shows the characteristic behavior of the phenomenon 
as the vapor pressure is varied. At low vapor pres- 
sure, none of the glow-to-are transitions takes the 
path through the hole. The onset of the phenomenon 
requires sufficient vapor pressure to supply current 
earriers for the concentration of the current through 
the hole. At intermediate vapor pressures of about 1 
mm, more of the glow-to-are transitions take the path 
through the hole than take the direct path down the 
funnel. As the vapor pressure is raised above 1 mm, 
the proportion that take the path through the hole 
decreases. The cause of this decrease has not been 
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Fig. 1. Experimental tube for the production of glow-to- 
are transitions through a pinhole. 
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Fig. 2. Statistical distribution indicating the probability 
of the are stream passing through holes of various sizes 
as a function of vapor pressure. 


established. It should be mentioned, however, that at 
pressures in this range, the discharge begins to con- 
centrate in streamers, whether or not there is a con- 
striction anywhere along the path. Also, in this range 
of pressures, the potential gradient along the column 
increases; thus, the more direct path would be favored. 

If the hole is enlarged, the transitions through the 
hole occur at lower pressures and also at somewhat 
higher pressures. The intermediate curve of Fig. 2 
was obtained by using a hole of circular form having 
an approximate diameter of 2.5 mm. In this ease only 
0.1 mm of vapor pressure is required for the larger 
share of the transitions to take the path through the 
hole. There is a considerable range of vapor pressures 
in which transitions through the hole oceur in virtually 
all the tests. 

The curve marked “large” was obtained with a hole 
in the form of a slit about 1.5 mm wide and 6 mm 
long. Glow-to-are transitions through this hole begin 
at pressures of slightly less than 0.01 mm. There is a 
relatively wide range of pressures in which glow-to- 
are transitions take the path through the hole in vir- 
tually all the tests. There is a decrease in the pro- 
portion of transitions through the hole at the higher 
pressures, and further work with different experimen- 
tal tubes has shown that this trend persists until the 
are stream in all tests takes the direct path down the 
funnel. 

The dependence of this phenomenon on pressure 
has been verified by experiments in which the gas 
used was air and also in other experiments in which 
helium was used. The data on tubes containing helium 
were especially interesting, for the breakdown poten- 
tials were very low and the glow-to-are transitions 
were very rapid. The length of the are stream in two 
such tubes was about 12 in., and the diameter of the 
hole was about 1.75 mm. At optimum pressure, esti- 
mated to be about 0.5 mm, glow in such tubes was 
set up at about 600-v potential difference, and the 
transition to the are took place quickly. In another 
similar tube containing helium at a pressure of about 
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Fig. 3. Increase in the proportion of glow-to-are transi- 
tions through a hole produced by the addition of a 900- 
mm* conducting extension to the cathode. Open circles 
indicate results obtained without the use of the extension. 
The small black circles indicate results obtained with one 
extension connected to the cathode through a 10,000-ohm 
resistance. 


1.5 mm, the breakdown required 1000 v, but the tran- 
sition was so rapid that the are appeared to be set up 
directly. 

Although the are is often established so quickly 
that no glow appears to precede it, under other con- 
ditions the glow is seen to be established with the 
small portion of the pool within the funnel as a 
cathode. This area is so small that, with modest cur- 
rents, an abnormal cathode fall is required for the lib- 
eration of the electrons from the cathode. In this case, 
there is a tendency for the glow to overspread a larger 
area of the cathode pool in order to reduce the ab- 
normal cathode fall. Ions are present in the vicinity 
of the pinhole, and they are drawn through it by the 
potential gradient. A glow is then established in the 
large, outer portion of the tube. The pool area out- 
side the constriction is sufficiently large that, with 
the potential difference applied, a relatively large con- 


centration of the current is set up at the hole. Over 
a considerable range of vapor pressures, this provides 
the conditions needed to establish the are along this 
path. 

The efficiency of the process would be expected 
depend not only on the size of the hole but also on 
the cathode area outside the funnel. This has been 
verified by experiments performed with the tube 
shown in Fig. 1. As the drawing shows, this tube is 
provided with two conducting areas, C and C’, that 
were made by painting the inside wall of the tube 
with a platinum alloy. Each of the two areas is pro- 
vided with a lead-out wire by means of which it may 
be electrically connected to the cathode K. If this con- 
nection is made directly, the cathode spot is most 
likely to be set up on the platinum alloy, and the con- 
ditions in this ease differ enough that comparisons 
with data in which the spot is established somewhere 
on the mereury pool may not be justified. To avoid 
such criticism, the platinum alloy areas have been 
connected to the cathode through a resistance of about 
10,0600 ohms. This resistance is high enough to prevent 
the formation of the cathode spot on the platinum 
alloy, but it is low enough to permit the alloy to serve 
as additional cathode area for the glow discharge 
passing through the pinhole. 

The results obtained show that the connection of 
the platinum area to the cathode through the re- 
sistance generally increased the ratio of the number 
of times that the cathode spot was set up on the an- 
nular area of the mereury pool to the number of 
times that it was set up within the funnel. The data 
obtained are plotted in Fig. 3; the lower curve was 
obtained without either of the platinum areas, and 
the upper curve was obtained by using the single 
platinum alloy area nearest to the cathode pool. It 
was also verified that the addition of the second 
patch raised the curve somewhat. 
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Communications 


Demonstration of the Basicity of 
Water in Alcoholic Solutions 


Experiments either designed or interpreted as de- 
termining the relative basicity of water versus alco- 
hols have given contradictory answers. Hammett (1) 
points out that because charged acids such as am- 
monium ion have smaller pK, values in ethanol than 
in water, one may conclude that the former is the 
more basic solvent. On the other hand, the same 
author cites references to colorimetric and acid ecata- 
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lyzed reactions that indicate the reverse. Hine and 
Hine (2), in reviewing the literature on both the 
relative acidity and basicity of water versus alcohols, 
also show that these evaluations depend on the system 
chosen for study. 

The simplest way of assessing the relative magni- 
tude of a given property of two substances is through 
a competitive situation. In studying the solvochrom- 
ism (3) of alcoholic solutions of an indicator com- 
posed of propyl gallate and ferrie chloride, we ob- 
served that the blue color of the chelate was promoted 
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Table 1. Compounds arranged in order of decreasing 
basicity. 


Milli- 
liters 
of 
Mole 
Aleohol or Indi- ing per- 
miscellaneous compound *  cator cent 
of water 
sol- 
vent 
Isopropanol 2 0.01 0.42 
1,4-Butylene glycol 2 0.03 1.5 
sec-Butanol 2 0.08 3.9 
t-Butanol 2 0.08 4.1 
Ethylene glycol 2 0.15 4.4 
t-Pentanol 2 0.11 6.2 
Ethanol 1 0.03 0.97 
n-Propanol 1 0.03 1.2 
n-Butanol 1 0.03 1.5 
Isobutanol 1 0.03 1.5 
Diethyl carbinol 1 0.03 1.8 
n-Hexanol 1 0.03 2.1 
1,3-Butylene glycol 1 0.05 2.4 
2-Ethyl butanol-1 1 0.04 2.7 
Isopentanol 1 0.05 3.0 
Methanol 1 0.14 3.1 
Cyclohexanol 1 0.06 3.4 
Propylene glycol 1 0.10 4.0 
Triethyl carbinol 1 0.08 6.1 
2,3-Butylene glycol 1 0.13 6.1 
Acetonitrile 1 0.44 11.4 
Ethylene glycol monoethy] ether 1 0.41 18.1 
Ethylene glycol dimethy] ether 1 0.50 22.4 
Acetone 1 1.07 30.4 
Dioxane 1 2.21 51.3 


by bases such as ammonia and many common alipha- 
tie, aromatic, and heterocyclic amines whose pK, 
values ranged from 3 to 12. On the other hand, strong 
protonie acids such as sulfuric, aliphatic and aromatic 
sulfonic, aromatic phosphonic, as well as Lewis acids 
like aluminum chloride, acetyl chloride, and acetic 
anhydride, repressed chelate formation, resulting in 
yellow solutions. The fact that the addition of be- 
tween 0.3 to 1.5 volume percent water to various aleo- 
holic solutions of the indicator was enough to bring 
about chelate formation. demonstrates the behavior of 
water as a proton acceptor in the common alcohols 
studied. 

Table 1 lists the aleohols in order of increasing 
mole percent of water that is just required to cause 
the appearance of the blue color of the chelate. It 
should be noted that the first six aleohols were titrated 
using an indicator acidified with acetyl chloride.. The 
latter desensitized the indicator so that the blue color 
of the chelate was not evident in the more basic alco- 
hols before the addition of water. 

The indicator solutions were prepared as follows. 
For indicator 1, 2 gr of anhydrous ferric chloride and 
4 gr of propyl gallate were codissolved in 100 ml of 
glacial acetic acid with the aid of heat. The color of 
the solution was a deep yellow brown. Indicator 2 
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was a duplicate of the first, except that 1 ml of acetyl 
chloride was added to the foregoing recipe. The color 
of the resulting solution was a yellow orange. 

In each titration 3 drops (0.05 ml/drop) of indi- 
eator 1 was added to a 10-ml sample of an alcohol. If 
the resulting solution was yellow or light green, it was 
titrated to a blue end-point with water. In the case of 
the first six aleohols that were capable of turning in- 
dicator 1 blue without the addition of water, the more 
acidic indicator 2 was used in the same concentration. 
All the solvents were chemically dried and distilled. 
The fraction used boiled over a 1° range at worst. 
The average water content of six of the purified aleo- 
hols, as determined by the Karl Fischer method (4), 
was 0.05 percent. 

Although the number of cases studied is meager, 

the data indicate a decrease in basicity with increas- 
ing molecular weight in a given series of alcohols. 
Thus, we. have the following set of series. 
Primary alcohols: 
n-hexanol. 
Secondary 
tanol. 


Tertiary t-butanol > t-pentanol > triethyl ecar- 
binol. 


ethanol > n-propanol > n-butanol > 


alcohols: isopropanol > 2-butanol > 3-pen- 


Methanol is the exceptional case in the primary aleo- 
hol series, in that it is much less basic than the other 
members studied. This anomaly is readily understand- 
able because of the greater electronegativity of hy- 
drogen over an alkyl group attached to a carbon 
atom. In the primary alcohol series, the decrease in 
basicity is fairly constant, each succeeding member 
requiring an increase of 0.3 mole percent water. Al- 
though the results show that the order for the isomeric 
butyl aleohols is sec-butanol > t-butanol > n-butanol, 
the value of 6.1 for triethyl carbinol against a caleu- 
lated value of 2.4 for n-heptanol indicates that the 
order might be different for higher homologs. 

A consideration of the extent of hydrogen bonding 
and the relative electronegativity of hydrogen versus 
an alkyl group is helpful in interpreting these results. 
There is some evidence from infrared spectroscopy 
that the more extensively a carbinol carbon is shielded 
by alkyl groups, the lower the degree of hydrogen 
bonding (5). It is a reasonable assumption that the 
basicity should increase with the degree of polymeri- 
zation, because the acidic protons are held more 
tightly, thus offering less competition to an incoming 
proton. The order of basicity of the polymeric state 
of the aleohols should be primary > secondary > ter- 
tiary. On the other hand, because of the greater elec- 
tronegativity of hydrogen compared with an alkyl 
group, the order of basicity in the monomeric state 
should be the reverse. The order in the isomeric butyl 
aleohols indicates that these effects are of comparable 
magnitude. However, in the butylene glycols, the order 
is 1,4-butylene glycol >1,3-butylene glycol > 2,3- 
butylene glycol. Here, the extent of hydrogen bond- 
ing seems to be the controlling influence. It should 
be noted that the order of decreasing basicity is the 
same as that of decreasing boiling point, another 
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property whose magnitude is greatly influenced by 
the extent of hydrogen bonding. The same explana- 
tion suggests itself for the differences in the basicity 
and boiling point between ethylene and propylene 
glycols. The decrease in basicity with chain length 
in the monohydrie alcohols follows from the increased 
forees between longer chains which in turn weakens 
the hydrogen bonds. 

A few other compounds are cited in Table 1 in 
order to relate the basicity of the aleohols to other 
functionalities by the same yardstick. 

We have found that indicator 1 is analytically use- 
ful for detecting water in alcohol samples. For ex- 
ample, “anhydrous,” shelf samples of ethanol gave a 
light green color with this indicator. The water con- 
tent was 0.3 to 0.5 percent and was found to be suit- 
able for malonie ester condensations. _ 

Sotoway 

Perry Rosen 

Department of Chemistry, City College of New York, 
New York, N. Y. 


References 


L. P. Hammett, Physical Organic Chemistry (MeGraw- 
Hill, New York, 1940), pp. 260-262. 

J. Hine and M. Hine, J. Am. Chem. Soc. 74, 5267 (1952). 
8S. Soloway and P. Rosen, Science 121, 3134 (1955). 

S. Siggia, Quantitative Organic Analysis via Functional 
Groups (Wiley, New York, 1949), pp. 66. 

L. N. Ferguson, Electron Structures of Organic Molecules 
(Prentice-Hall, New York, 1952), chap. 9. 


11 March 1955. 


Effect of Isonicotinic Acid Hydrazide 
on Some Plant Systems 


Several months ago Wort (1) described some effects 
of the antitubereular compound isonicotinie acid 
hydrazide (INH) on the growth of certain higher 
plants when it was applied to the foliage of estab- 
lished seedlings. General retardation of top growth 
was observed with INH concentrations of 0.4 to 1.6 
percent. INH solutions of the same concentrations ap- 
plied to the soil similarly caused stunting, except at 
the 1.6-percent level, which was lethal to several spe- 
cies. Wort went further and showed that in oats, 
beans, and sugar beet seedlings, leaf catalase and 
phosphatase activities were depressed, although only 
slightly, by treatment with 1.2-percent INH (87 
uM /ml). 

Wort’s experiments might suggest that plants are 
not particularly responsive to this compound, a con- 
clusion that would be at variance with observations on 
other plant systems that are affected by far lower con- 
centrations of INH. In 1952 Schopfer et al. (2) 
showed that a concentration of INH as low as 0.0039 
percent in the medium would cause 50-percent reduc- 
tion in elongation of pea roots in sterile culture, and 
that this effect was partially reversible by indoleacetic 
acid. Bustinza and Santamaria (3) reported that ger- 
mination of seeds of Raphanus sativus, Triticum com- 
pactum, and Lupinus alba was completely prevented 
by 0.4-pereent INH and that some inhibition of seed- 
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ling development in these three species was evident 
at 200, 50, and 10 ppm, respectively (1.5 »M/ml, 
0.36 uM /ml, and 0.07 uM/ml). On the other hand, 
Nickell and Findlay (4), using Lemna minor as the 
test system, found substantial stimulation of growth 
by 1 to 20 ppm INH (0.007 to 0.15 »M/ml, approxi- 
mately) but did not record the effects of higher con- 
centrations. 

In experiments in these laboratories (5) this com- 
pound INH has been observed to be an active inhibitor 
of root growth. In aerated water cultures the roots of 
Moore barley seedlings grown for 5 days in the dark 
were inhibited to the extent of 50 percent on a dry 
weight basis by 350 ppm (2.55 uM/ml) INH pre- 
sented 24 hr after the seeds were moistened. The roots, 
although not proportionately reduced in length, were 
distinetly yellow in color. 

Similarly in the cucumber germination test of 
Ready and Grant (6), the elongation of the primary 
root of cucumber var. Early Fortune at 25° was in- 
hibited 50 percent by a concentration of INH of 225 
ppm (1.6 uM/ml). The response curve for Moore 
barley was almost coincident with that for cucumber 
at low INH concentrations, with the 50-percent inhi- 
bition point occurring at 220 ppm. Root elongation 
of Koto flax, however, was more sensitive to this 
compound. Fifty-percent inhibition was observed at 
37 ppm (0.27 uM/ml). It is perhaps worthy of com- 
ment that in these root responses INH is about one- 
fifth as active as maleic hydrazide, which has found 
some uses as a growth regulator and growth repres- 
sant. 

Top application of INH to young Black Valentine 
bean plants, either as droplets containing 50 or 100 
ug to the base of a unifoliate leaf, or by immersing 
the unifoliate leaf in a solution of either 1x 10°M 
or 1x 10-*M for 48 hr did not result in any detectable 
growth repression or morphological change. Only at 
much higher levels of application was growth repres- 
sion evident, as is reported by Wort (1). 

Thus it appears that INH, like numerous other 
compounds, has physiological potency in the inhibi- 
tion of root growth and development at levels sub- 
stantially lower than those that elicit any morphologi- 
eal responses in the tops of established plants. It is 
perhaps from the ranks of such compounds that mate- 
rials suitable for preemergence weed control should 
be sought. 

A. G. 
Department of Botany, 
University of Michigan, Ann Arbor 
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Use of “Personal Communications” 
in Scientific Reviews 


The recent communications by C. Stern and A. L. 
Bacharach [Science 119, 221 (1954) ; 121, 313 (1955) ] 
on citing unpublished articles prompt me to touch 
on another aspect of this problem: the frequent 
inelusion by reviewers of scjentific literature of “per- 
sonal communications” from authors whose work has 
not been published at the time the review is being 
written. I wish to emphasize that my remarks are 
directed not at authors of papers reporting original 
investigations, for whom “personal communications” 
may serve diverse functions, but at authors of scien- 
tific reviews, particularly of those that appear with 
calendar regularity. For them the disadvantages of 
including “personal communications” seem to out- 
weigh the advantages. 

The Annual Review of Plant Physiology has re- 
cently eliminated the use of “personal communica- 
tions.” The invitations to authors include a state- 
ment that 


- reviews should deal with published work only, 
with the sole exception of papers in press at the time 
the review article is submitted. A paper in press is 
defined as one accepted and not merely submitted for 
publication in a seientifie journal whose name must 
be cited in the bibliography. It is permissible, how- 
ever, to cite doctors’ or masters’ theses on file in a 
university library and papers actually presented (but 
not read by title only) at scientific meetings. 


The arguments for including “personal communi- 
cations” are chiefly that they give the reader access 
to the most recent developments in the field and con- 
tribute materially to the timeliness and freshness of 
the review. The arguments on the other side are, first 
of all, that the reader is denied the opportunity he 
rightly expects of being directed to the original -evi- 
dence for an independent appraisal of its significance. 
When confronted with a “personal communication,” 
the reader must either accept or reject its evaluation 
by the reviewer usually without himself having a suffi- 
cient basis of fact in either case. 

The inclusion of “personal communications” in re- 


views poses a special problem when these pertain to 


new findings in an active field of research. A reviewer 
may be informed about unpublished findings made by 
workers known to him personally. Similar or even 
better founded evidence may have been in the hands 
of other workers unknown to the reviewer. The in- 
clusion of “personal communications” from some 
workers prior to the normal publication of data would 
thus record in the scientific literature a priority of 
discovery in a sequence not always warranted by: the 
facts. 

Another shortcoming of “personal communications” 
is that they pertain to material which, being unpub- 
lished, has not been subjected to the scrutiny of edi- 
tors and readers or, in the case of oral presentations 
at scientific meetings, of fellow-scientists in attend- 
ance. There is thus no way to judge whether a par- 
ticular conclusion reached by the originator of a “per- 
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sonal communication” is well documented and merits 
serious consideration. It is conceivable that the use 
of “personal communications” may, if not checked, 
engender in certain individuals hazardous drawing 
of conclusions from insufficient evidence. If the idea 
were proved to be correct by subsequent and more 
extensive work, often by others, the “wager” would 
be won, whereas if the idea proved to be incorrect it 
might be expected to be easily forgotten. 

These remarks are not intended to suggest that 
“personal communications” are necessarily unreliable 
but rather to sfress the special problems that their 
use in reviews creates. “Personal communications” 
weaken the readers’ prerogative of independent evalu- 
ation of the material cited by the reviewer. 

Dantev I. Arnon, Editor 
Annual Review of Plant Physiology, 
University of California, Berkeley 


21 April 1955. 


Arnold Arboretum Controversy 


With reference to the news item [Science 121, 416 
(25 Mar. 1955)] stating that the controversy over the 
Arnold Arboretum of Harvard University has been 
settled, I have the following comments to make. 

1) The controversy over the Arnold Arboretum has 
not been finally resolved. The Harvard Alumni Bulle- 
tin of 26 Feb. 1955, which is quoted in part in the 
news item, concedes that the controversy has merely 
come to “the end of a chapter.” 

2) It seems to beg the question to say that the 
removal of the bulk (about six-sevenths) of the li- 
brary and herbarium from Jamaica Plain to Cam- 
bridge provides “ more accessible quarters” for these 
components of the Arboretum. From the standpoint 
of the botany department at Harvard, these resources 
are more accessible, of course; but from the point of 
view of the Arboretum as it has developed into an 
integrated whole at Jamaica Plain, these books and 
specimens are inaccessible indeed. 

3) The statement in Science regarding the decision 
of the Supreme Judicial Court in Ames vs. Attorney 
General, 11 Feb. 1955, is, I fear, misleading, in that 
it suggests that the Attorney General has authority 
to pass upon the question of whether or not there is 
a breach of trust. Only a Court of Equity can make 
such a determination. The Ames case merely decided 
that the Attorney General’s decision regarding the 
use of his name in a petition for a declaratory decree 
as to the existence of a breach of trust was not re- 
viewable by the Court. This is by no means the same 
thing as saying that the Attorney General himself 
has authority to issue a binding decree that a breach 
of trust does or does not exist. 

4) The item in Science quotes the Court’s summary 
of the Attorney General’s decision and states that 
the Court allows the Attorney General’s decision to 
stand. This conveys to the average reader the im- 
pression that the Court has confirmed the findings 


835 


neva) 
hemo- 
m. 2, 
Labo- 
of the 
|_| 


or views of the Attorney General. Such is not the 
ease. The Supreme Judicial Court did not examine 
the merits of the question of whether or not the Har- 
vard Corporation was engaged in a breach of trust 
and did not sustain the Attorney General in his state- 
ment that there was no breach of trust. The Court 
stated that the action of the Attorney General in not 
lending his name to a suit was a purely executive 
decision and not subject to review by the Court. 

On 15 Apr., the Association for the Arnold Arbo- 
retum, Inc., an independent organization of more 
than 1000 members from all parts of the United 
States and Canada, having no connection with Har- 
vard and being opposed to Harvard’s present plan 
for the Arnold Arboretum, issued a 12-page pamph- 
let entitled A Review of the Arnold Arboretum Con- 
troversy. Readers who wish to understand the per- 
sistent issues of this controversy may receive a copy 
by writing to our office, 50 State Street, Boston 9, 
Mass. 

Tuomas V. Rankin, Executive Secretary 

Association for the Arnold Arboretum, Inc. 


29 April 1955. 


Role of Nitrogen Oxides in Formation 
of Engine Deposits 


Although the presence of oxides of nitrogen in ex- 
haust gases from automotive engines has long been 
recognized (1), the importance of nitrogen fixation 
with respect to engine deposits seems to have been 
overlooked. We have studied kinetically the extent to 
which the reaction 

N, + 0, = 2NO 

can take place during the operation of a gasoline 
engine; from the study it has been calculated that, 
under normal engine conditions, the temperature is 
sufficiently high and sufficient time is available for the 
formation of an appreciable amount of nitric oxide. 
Furthermore, we have shown by engine tests that the 
quantity formed is dependent upon the operating 
variables that affect time, temperature, and concen- 
tration of gases within the flame. Oxides of nitrogen 
are found in increasing amounts in exhaust gases as 
leaner air-fuel mixtures, higher loads, and increased 
spark advance (up to the point of maximum power) 
are employed; nitrogen oxide (measured as nitrogen 
dioxide) up to 0.8 percent by volume of the exhaust 
gas has been encountered (2). 

We have observed also that oxides of nitrogen are 
reactants in the formation of low-temperature engine 
varnish. Their importance in varnish-forming reac- 


tions was strongly indicated in advance by the fae 
that analyses showed nitrogen to be present in appre: 
ciable amounts in hundreds of deposit samples taken 
from engine locations exposed to combustion gases 
More nitrogen was présent than could be accounted 
for by the natural nitrogen content of the fuel and 
lubricant or by that contained in the additives that 
might have been used. Chemical and spectral tests ins 
dicate that the bulk of the nitrogen in these enging 
deposits is in the form of aliphatic nitro groups. 

A striking demonstration of the part played by 
oxides of nitrogen in varnish-forming reactions wag 
effected by operating a test engine under low-temperas 
ture varnish-forming conditions with an artificial 
atmosphere composed of oxygen and carbon dioxide; 
varnish deposits were not formed. When, however 
sufficient nitrogen dioxide was added to the artificial 
atmosphere to give a concentration approximating 
that usually found in exhaust gas, heavy varnish 
deposition took place. Variations on this experiment 
have confirmed these results. 

Although varnish formed under low-temperature 
conditions appears to result from primary reactions 
involving either raw or partially oxidized fuel com- 
ponents and oxides of nitrogen contained in blow-by 
gases, further work indicates that at high operating 
temperatures varnish formation can, when certain 
oils are used, proceed in absence of nitrogen dioxide, 
Tests have been made with a stable nonvarnish-form- 
ing fuel and the oxygen-carbon dioxide atmosphere 
under engine conditions that caused severe oil de- 
terioration. When a relatively unstable lubricating 
oil was employed with this combination, piston var- 
nish was deposited. This suggests that engine varnish- 
ing may be attributed to at least two possible causes; 
(i) reactions between fuel materials and nitrogen di- 
oxide when the engine is operating at a low coolant 
and oil temperature; (ii) oxidation reactions of un- 
stable lubricating oils when the engine is operating 
under high-temperature conditions. Combinations of 
these mechanisms is obviously possible. 

R. 8. Sprvpt 
Court L. WoLFs 
DonaLp R. STEVENS 
Gulf Research and Development Company Multiple 
Fellowship, Mellon Institute of Industrial Research, 
University of Pittsburgh, Pittsburgh, Pennsylvania 


References and Notes 
1. A. C. Egerton and T. K. Hanson, Proc. Roy Soc. London 
A163, 90 (1937). ‘ 
2. Details of the analytic method employed will be submitted 
elsewhere for publication. 
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SAUNDERS BOOKS 


This text views endocrinology as a basic biological 
science. The phenomenon of internal secretion is 
considered as it extends throughout the whole range 
of animal and plant life. 


In this New (2nd) Edition all chapters have been 
revised thoroughly with many new references apply- 
ing to current literature. Discussions on the adrenal 
cortex and pituitary gland have been rewritten to 
include recent research. More space has been devoted 
to neurosecretion and new chapters added on Prin- 
ciples of Endocrinology, Adaptive Reactions to Stress 
and Endocrine-like Mechanisms. Sections on bio- 
chemistry have been expanded and presented at 
the beginning of each chapter. New illustrations 
have been added depicting endocrine disorders in 
man and other animals. 


By C. Donnett Turner, Ph.D., Lecturer in Biology, Tokyo Army 
Education Center, Tokyo, Japan. 553 pages, 6” x 9”, with about 349 
illustrations. New (2nd) Edition—Just Ready! 


New (2nd) Edition! 


Turner - 


GENERAL 
ENDOCRINOLOGY 


New! 


Willier, Weiss 
and Hamburger - 


ANALYSIS OF 
DEVELOPMENT 


West Washington Square 


10 June 1955 


This collaborative work is a modern synthesis of our 
knowledge of the principles and mechanisms of ani- 
mal growth and development. It emphasizes the 
dynamic and causal aspects of embryogenesis. Each 
of the 28 contributors, all eminent embryologists, has 
given an argumentative presentation of his topic, 
clearly outlining the general problems, concepts and 
lines of investigation and illustrating them with 
selected examples from experimental data. 


An historical survey of problems, cytology, cell divi- 
sion, the formation of gametes, fertilization, verte- 
brate organogenesis of particular systems of the 
body, progressive differentiation and energy exchange 
are some of the topics covered. 


Edited by Benyamin H. Witter, Professor of Zoology, Johns Hopkins 
University, Baltimore, Maryland; Paut A. Weiss, Member Rockefeller 
Institute for Medical Research, New York; and Vixtror Hameurcer, 
Professor of Zoology, Washington University, St. Louis, Missouri. 735 
pages, 7” x 10”, with 248 illustrations. $15.00. New! 


W. B. SAUNDERS COMPANY 


Philadelphia 5 
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for isolating narrow spectral bands 
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Spectral Range: 400-900 millimicrons 
Spectral Width: 12-15 mp, Tranem.: 45-50% 
Size: 2” x 2”. Other sizes on order. 


Ref 


For 
Flame Photometry and Color Densitometry 
Microscopy and Photomicrography 
Colorimetry and Fluorimetry 


also in reflectometry, light scattering measurements, 
i lorimet fract try, polarimetry, ard in all 
other fields h 


quiring tic light in the visible 
and near-infrared range, 
Write for Bulletin #180 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


PHOTOVOLT 


Exposure Photometer Mod. 200-M 
for 


PHOTOMICROGRAPH Y 


Accurate determination of exposure time in 
black-and-white and color photomicrography 


Write for Bulletin #810 to Price $92.00 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


WITH 
CONSTANT 
PROPERTIES 
(a) Basic aluminum oxide (cationotropic) 
(b) Non-alkaline aluminum oxide 

(almost neutral) 
(c) Acid aluminum oxide (anionotropic) 


WRITE FOR LITERATURE 
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ALUMINUM OXIDE 


WOELM 
For 


CHROMATOGRAPHIC 


STANDARD SCIENTIFIC SUPPLY CORP. 
West 4th Street e New York 12, N. Y. 
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fills every research requirement 1 


ORTHOLUX 
MICROSCOPE 

IDEAL FOR RESEARCH —The Leitz ORTHOLUX microscope is highly valued in leading research 

laboratories because of its versatility, image quality and unique advantages. The 


ORTHOLUX incorporates the most refined details of advanced optical design and has its 
own built-in illuminating system for transmitted or incident light. 


WITHIN SECONDS the ORTHOLUX with easily attached Leitz accessories adjusts for: bright and 
dark field + polarized light « phase contrast + fluorescence microscopy + photomicrography -« 
table and wall projection + ultrapak illumination for reflected light. 


COMFORT AND EASE OF OPERATION—ORTHOLUX 
design permits operation of the microscope in a relaxed 
position with unobstructed stage in clear view and 
fingertip control of low position, table-top adjustment 
knobs. And... the dual controls move only the ball- 
bearing stage—they do not alter the favorable eye- 
piece height — providing fatigue-free operation. 


Send for ORTHOLUX brochure. * 
See and examine the 


ORTHOLUX microscope soon. 
E. Leitz, Inc., Dept. SC-6 
468 Fourth Ave., New York 16, N. Y. 


Please send me the Leitz ORTHOLUX brochure. 


Nome. 


Street, 


City. Zone State 


Ee. LEITZ, Inc.,, 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 
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SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D. C. Entered at the Lancaster, 
class matter under the act of 3 March 1879. Annual subscriptions: $7.50; foreign postage, outside the Pan-American Union, 
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ACTH * Growth * Gonadotropes 
Estrogens * Androgens 


Corticoids * Progesterone 
Others 


HYPOPHYSECTOMIZED 
RATS 


TESTS 


Write for details 


ENDOCRINE LABORATORIES 
_ OF MADISON, INC. 


5001 W. BELTLINE HIGHWAY e MADISON, WISCONSIN 


Here are the 


LaMOTTE 
COMBINATION SWIMMING POOL SET 


for small pools and those who do not care to install 
separate units for chlorine and alkalinity. 


This unit is appli- 
cable to the ranges of 
chlorine and alkalinity 
actually required for 
swimming pool water, 
and will enable the 
operator to keep his 
alkalinity and chlorine 
values between the 
limits required by 
State Health Depart- 
ment specifications. 


They are complete with 3 color standards for 
each test representing the upper and lower limits 
of chlorine (0.2, 0.5, 0.7) and alkalinity (pH 7.2, 
7.6, & 8.0) together with reagents and necessary 
glassware. 


These units are contained in a plastic com- 
parator block, the top of which serves for making 
tests. The plastic blocks are moisture resistant 
and ideal for use around pools. 


LaMotte Chemical Products Company 
Dept. “H” Towson, Baltimore 4, Md. 
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REPLACEMENT 
ALLOWANCE 


Constant Temperature 
Replacement Items 


BATHS 


Carbon Residve, Conrodson, ASTM D524 

Demulsibility of Lubricants, Appendix 6 

General Purpose, Gloss, Aquarium Type 

General Purpose, Glass, Economy Model 

General Purpose, Glass, With Motor Stirrer 

General Purpose, Metal, With Motor Stirrer 

General Purpose, Metal, Rectongulor, Freas 

General Purpose, Metal, Rectangular, Freas With 
Motor Stirrer 

Oxidation of Grease, Norma Hoffman, ASTM D942 

Oxidation of Lubricants, Indiana 

Oxidation of Lubricants, Sligh 

Oxidation of Transformer Oi!, ASTM 01314 

Oxidation of Steam Turbine Oil, ASTM 0943 

Rust Prevention Tester, ASTM D665 

Serological 

Serological, Clinical 

Serological, Army Medical 

Soil Hydrometer Jor, ASTM D422 

Vapor Pressure, Reid, 3 Bomb Model, ASTM D322 

Viscosity, Kinemotic, Deluxe Model, ASTM D664 

Viscosity, Seybolt, 2 tube Model, ASTM D664 

Utility—Serological 

Warburg 

Warburg, Refrigeroted 


CABINETS 


Corrosion Test, Army, Navy, 4792 
Humidity, Steel, enameled finish 
Humidity, Stainless Stee! finish 
low Temperature 


CIRCULATING SYSTEM 


Temptrol 
FURNACES 
Corius Combustion Tube, steel, enameled finish, 4tube 
Carivs Comb Tube, S Steel finish 
Muffle 


GREASE TESTING APPARATUS (Other than Baths) 


Roll Tester, Mil-Shel, G1 0924 
Wheel Bearing Tester, ASTM D1263 


INCUBATORS, OVENS, STERILIZERS 


Gravity Convection, Freas, Steel, enameled finish 

Gravity Convection, Freas, Stainless Steel finish 

Gravity Convection, Thelco, Steel, enameled finish 

Asphaltic Compounds, ASTM, Steel, enameled finish 

Asphaitic Compounds, ASTM, Stoiniess Stee! finish 

Coal Moisture, ASTM 0271 

Conditioning, Gravity, Convection, Freas, Steel, 
enameled finish 

Conditioning, Mechanical Convection, Freos, Steel, 
enameled finish 


General Purpose, Gravity Convection, Freos, Steel, 


enameled finish 

Genero! Purpose, Grovity Convection, Freos, 
Stoiniess Stee! finish 

General Purpose, Mechanical Convection, Freos, 
Steel, enameled finish 

General Purpose, Mechanical Convection, Freas, 
Stainless Stee! finish 

General Purpose, Mechanical Convection, Freas, 
Steel, led finish, Explosion Proof 

General Purpose, Mechanico! Convection, Freos, 
Stainless Stee! finish, Explosion Proof 

Vacuum, Freas, Cylinder 9x9”, Steel, enameled finish 

Vacuum, Freas, Cylinder 9x9”, Stoinless Steel finish 

Freas, Cylinder 9x18”, Steel enameled 
nish 

Vacuum, Freas, Cylinder 9x18”, Stainless Stee! finish 

General Purpose, Gravity Convection, Freas, 
Hozord Safe, Steel, enameled finish 

General Purpose, Gravity Convection, Freas, 
Hazard Sofe, Stainless Stee! finish 

General Purpose, Mechonical Convection, Freas, 
Hozord Sofe, Steel, enameled finish 

General Purpose, Mechanical Convection, Freos, 
Hozord Sofe, Stainless Stee! finish 

General Purpose, Gravity Convection, Thelco, 
Steel, enameled finish 

General Purpose, Gravity Convection, Thelco, Transite 

Vocuum, Thelco, Rectangulor 

Gas Heoted (Sterilizer) 
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Compare These 
With Your Own 
Old Equipment 


Is your car 10 or more years old? Probably NOT! When an auto- 
mobile begins to indicate its age, it's usually replaced. Not because 
it isn't functioning—but because it MIGHT cause trouble just at the 
wrong time. Age always takes its toll eventually. 


What About the Future? Age plus hard usage in 


not—Take Advantage . 7 O% 
of this Timely Offer— | 0 
The First of Its Kind to 
the Laboratory 


ALLOWANCE 
for 
REPLACED 
EQUIPMENT 


Remember These Facts 


1. This offer is made for replacement of all listed Con- 
stant Temp e equip t—regardiess of moke. 


2. You can supplant your old CONSTANT TEMPERATURE 
equipment at SUBSTANTIAL SAVINGS. 


3. This 10% Allowance offer is made on 137 individual 
items. 


4. This offer expires September 30th, 1955. 


S. You can always depend on Precision equipment. 


: an atmosphere that is usually corrosive, 
plus the factor of extreme heat, is normally 
conducive to accelerated deterioration. 


S For the first time, special consideration has 
been given to assist you in the problem of 
replacement of your laboratory equipment. To 
enable you to supplant your old with new 

CONSTANT TEMPERATURE Equipment, Pre- 
cision Scientific Co. is making a ‘‘special-pur- 
pose" offer of a 10°%/, ALLOWANCE (off the 
purchase price of the new equipment) for any 
equipment you replace from the items listed in 
this advertisement. But you must act promptly 
because the offer expires September 30th. 


Here’s How You Get Your Allowance 


1. Check the list on preceding poge for reploceable 
equipment you need. 


2. Determine the number of items. 


3. Use the coupon below to request your certificate — 
one certificate per item. 


Precision Scientific Company 


(CO Please send me the listing of 137 indi- 
vidual items together with prices and 
savings. 


Allowance Certificates. 
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low cost synthetic control serum 


LAB-TROL 


_by Dade Reagents, Inc. 


for accuracy control 
in blood chemistry tests 


LAB-TROL is a sterile, synthetic 
serum of known value for checking 
common blood chemistries: total pro- 
tein, glucose, NPN, blood urea nitrogen, 
chlorides, calcium-total, sodium, 
potassium, etc. Of major importance, 
LAB-TROL values remain constant and 
stable for an indefinite period of time. 

LAB-TROL is run in parallel with 
unknown samples to check 
the accuracy of test and 
technique. If results do not 


EAGENT> 
i, Florid® 


Scientific Division 


AMERICAN HOSPITAL SUPPLY CORPORATION 
New York - Chicago - Kansas City - Minneapolis - Atlanta - Washington - Dallas - Los Angeles - San Francisco 


coincide with known values of LAB-TROL, 
the instrument reagents or procedure 
should be rechecked. 

LAB-TROL also contains human syphilis 
reagin (antibody), designed for test 
with antigens—gives (4+) reactions. 
It is packaged 12 vials (3.5 ml per vial 
producing approximately 30 cc's of 


filtrate) at $18.00 per package. 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 
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A. J. Nerad joined the Chemistry Depart- 
ment at the General Electric Research 
Laboratory in 1924 and has been man- 
ager of the Mechanical Investigations 
Section since 1948. His fields of interest 
are fluid mechanics, heat transfer, liquid 
metals, combustion, and superpressures. 
Last February it was announced that his 
group had produced man-made diamonds. 


Jets and diamonds 


Research by A. J. Nerad, versatile General Electric 
scientist, has led to widely diversified results 


Tony Nerad is a name well known to engineers and 
scientists who design jet aircraft. Even before the 
U.S. had entered World War II, he had started on 
research that led to the development of a new kind 
of jet combustor. The combustor — simple, compact, 
and reliable over wide variations in combustion con- 
ditions — helped make possible one of the earliest 
American-designed turbojets. The contributions 
made by Nerad were battle-tested in Korea, and are 
important factors in maintaining the high prestige 
of U.S. jets today. 


Recently Nerad helped to make dramatic news 
again. The General Electric Research Laboratory 


announced that he had led the team of scientists 
which produced man-made diamonds. Thirty years 
of research experience — work on jet combustors, 
liquid metals, and other projects—enable Tony Nerad 
to extend this promising area of superpressure re- 
search. This G-E research in high temperatures and 
high pressures demonstrates again that expanding 
our research program — and creating promising 
opportunities for scientists—contributes to progress. 
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American Dairy Science Association 
A New Affiliated Society of the AAAS 


HE American Dairy Science Association was 

organized as the National Association of Dairy 
Instructors and Investigators on 17 July 1906 at the 
University of Illinois. The proceedings and program 
of this meeting were published as an Illinois Experi- 
ment Station cireular in 1907. W. J. Frazer, Uni- 
versity of Illinois, was one of the early leaders in the 
development of the association. The meetings were 
usually held in connection with the National Dairy 
Show. In 1917 the official name was changed to the 
American Dairy Science Association. There are now 
three sections: Dairy Production, Dairy Manufactur- 
ing, and Dairy Extension. Each section has a chair- 
man, vice chairman, and a secretary. 

To date 49 annual meetings have been held. The 
first summer meeting was held at Michigan Siate Col- 
lege in 1927. Since then the annual. meetings have 
been held during early summer at one of the agricul- 
tural colleges. It is of interest that the 50th annual 
meeting of the association will be held at Michigan 
State University, 21-23 June. The advent of the sum- 
mer meetings marked the beginning of a rapid in- 
crease in growth of the association. There are ap- 
proximately 1750 members in the association, and 
last vear 700 attended the meeting at Pennsylvania 
State University. Many members bring their families 
to the annual meetings as part of their summer vaca- 
tion program. 

Membership in the association is open to those who 
have educational background equivalent to university 
training in dairy science and technology and who are 
engaged directly or indirectly with the dairy indus- 
try. This includes administrative positions in govern- 
ment, colleges, and industry, teachers, dairy plant 
operators, farm imanagers, and others with technical 
or scientific responsibilities in allied industries. 

The objects of the association are (i) to stimulate 


scientific research in all phases of interest to the 
dairy industry and dairy science, (ii) to improve 
dairy instruction in schools, colleges, and extension 
services, (ili) to cooperate in educational activities 
for the advancement of the dairy industry, and (iv) 
to make available through the Journal of Dairy Sci- 
ence, the official journal, the results of original sci- 
entific dairy research, new developments in the tech- 
nologies applicable to the dairy field, economie in- 
formation, and news and comments of interest to 
dairy workers. The association maintains an active 
interest in students and has 25 affiliate groups 
located at various colleges. It has many active com- 
mittees working with industry and scientifie groups 
on problems of mutual interest. 

The association has an extensive award program 
for outstanding achievement. Awards of $1000 are 
given each year through the sponsorship of allied 
industry organizations. The awards are for outstand- 
ing research contributions in dairy production, dairy 
manufacturing, and dairy cattle nutrition. Awards 
are.also given to the outstanding teacher in dairy 
science and to.the outstanding man in extension work. 

The Journal of Dairy Science is published once a 
month. Each volume for the year contains about 150 
scientific articles in a total of about 1200 pages. The 
editor, P. H. Tracy of the University of Illinois, is 
assisted by a 10-man editorial board. Each member 
receives a subscription to the journal. 

The association’s executive board is composed of 
seven directors, the president, vice president, and see- 
retary-treasurer. Officers for this year are president, 
L. A. Moore, Agricultural Research Service, USDA; 
vice president, I. A. Gould, Ohio State University; 
secretary-treasurer, T. D. Harman, Ohio State Uni- 
versity. 

L. A. Moore 
Beltsville, Maryland 


SCIENCE, founded in 1880, is published each Friday by the American As- 
sociation for the Advancement of Science at Business Press, Lancaster, Pa. 

SCIENCE is indexed in the Reader’s Guide to Periodical Literature. 

All correspondence should be addressed to SCIENCE, 1515 Massachusetts Ave., 
NW, Washington 5, D. C. Manuscripts should be typed with double spacing and 
submitted in duplicate. The AAAS assumes no responsibility for the safety of 
manuscripts or for the opinions expressed by contributors. 
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SEE BETTER... 
MORE EASILY 


WITH SCIENCE’S FINEST 


J) MICRO-VISION 


Only Bausch & Lomb Stereomicroscopes 
can give you such clear, sharp views, vividly magnified in natural 
3-dimensional detail . . . such relaxed ease throughout prolonged 
examinations. Because only Bausch & Lomb gives you the 
finest optical system ever produced for wide-field 
work ...in a complete line of models comfort- 
tailored to every need. 


SHOCKPROOF .. . for 
lifetime dependability 


Ready whenever you need it... in the lab or in the 
field... because prisms can’t jar loose despite the 
punishment of year-after-year practical use. Double 
support locks them into lifelong alignment... 
clamps at the top, gibs at the bottom. 


DUSTPROOF .. . for bright, 
detailed images 

Even on field trips, you get “laboratory clean” images. 
Patented Neoprene ring inside prism housing fits 
flush on prism surface, seals out dust... one of the 
reasons why B&L Stereomicroscopes are dustproof 
for life. 


3-D MICRO-VISION BOOK - 
study needs, BAUSC H LOM B 
with unique Selector-Chart! 


For your free copy of Manual D-15, write to Bausch & Lomb ; 7 1833 
Optical Co., 64267 St. Paul St., Rochester 2, N. Y. 


STEREOMICROSCOPES 


America’s only complete optical source... from glass to finished product. 
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Kodak reports to laboratories on: 


pedantry about a reduced quinoline ...a nice width for film... red light 


and recording film 


Which way is up? 


He is arguing that theoretically 
1 ,2,3,4-Tetrahydroisoquinoline 
(Eastman 7065) should exhibit cis- 
trans isomerism. It’s a compound 
just added to our list at the request 
of a gentleman with startling ideas 
about reduced quinolines. Without 
gestures it may be written thus: 


HH 


The fellow in the picture is repre- 
senting the planes of the two rings 
by his palms and letting the pencil 
stand for the N-H bond. He claims 


there should be two possibilities: ° 


either the pencil sticks up between 
his thumb and forefinger, or it 
sticks down. The former is the cis 
isomer and the latter the trans, he 
says. We say he’s all wet. Just be- 
cause we have succeeded in separat- 
ing trans-Decahydroquinoline (East- 
man 6480) out of the cis-trans mix- 
ture of Decahydroquinoline which 
we list as Eastman 5576, we don’t 
think it’s possible to pull the same 
stunt when there are no asymmetric 
carbon atoms. Do you? 


In our List No. 39 there are some 3500 
other chemicals also that can serve as 
raw material for research and debate. A 
free copy can be obtained by writing 
Distillation Products Industries, East- 
man Organic Chemicals Department, 
Rochester 3, N. Y. (Division of Eastman 
Kodak Company). 


70mm 


70mm is a nice width for film—big 
enough to do with moderate mag- 
nification or none at all; small 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 


enough for economy in equipment 
size, in film record storage space, 
and in raw film cost. As these ad- 
vantages strike more and more 
technical users of photography, we 
have come to keep the following 
black-and-white films generally 
available in 70mm width for prompt 
delivery : 

Kodak Tri-X Film—The icono- 
clastic new one, with so much speed 
and latitude that right and left it 
shatters shibboleths about how, 
when, and where pictures may or 
may not be taken. 

Kodak Plus-X Film—For situa- 
tions where very fine grain in the 
negative is worth more than ex- 
treme sensitivity. 

Kodagraph Micro-File Film— 
Higher resolving power, more con- 
trast, and higher maximum density 
(all valuable attributes for docu- 
ment copying), at the expense of 
beauty in tone rendition. 

Kodak Linagraph Shellburst Film 
—Special characteristics for photo- 
graphing objects against a bright 
sky. 

Kodak Photoflure Film—For pho- 
tography from fluorescent screens, 
as in mass chest x-ray surveys. 
Available in  blue-sensitive and 
green-sensitive types. 

On 70mm color film, we can’t be 
quite so prompt, but if you'll place 
an order for 14 rolls of 70mm Kodak 
Ektachrome Film, -we'll put it up 
just for you. Since with this film 
you make your own processing ar- 
rangements, it can be examined as 
full-color transparencies 65 minutes 
after it leaves the camera. 

For details on perforation and spool- 
ing of 70mm films, just write Eastman 
Kodak Company, Rochester 4, N. Y. 


Your letter will reach the right desk 
all right. 


“Linagraph”: its meaning 

This is a warning to anyone who 
constructs a hood out of clear red 
plastic to permit watching a cath- 
‘ode-ray display while it is being 
photographed, as suggested by a re- 
cent helpful hint in Science on elec- 
trophysiological recording: watch 
out. The premise, “since Linagraph 
paper and film are both insensitive 


its divisions are... serving laboratories everywhere 


to red light,” is defective. Linagraph 
Paper and some Linagraph Film are 
insensitive to red; but Kodak Lina- 
graph Pan Film, the film most likely 
(on the basis of our sales figures) to 
be in your recording camera, is 
sensitive to red even more, propor- 
tionally, than the human eye. 
Here is its spectral response: 


\ 
\ 


WAVE LENGTH 


log reciprocal exposure in ergs/ 
cm? to give 0.1 density above fog 


Even now we are getting ready a 
faster Linagraph film than this, and 
most assuredly that too will have 
red sensitivity. With c-r beams writ- 
ing at hundreds of inches per micro- 
second, sensitivity is what you 
dearly want in a film. Moreover, 
there are cases where the longer 
wavelength portion of the sensitivity 
serves specifically to record the per- 
sistent component of the emission 
from some phosphors. 

Kodak Linagraph Ortho Film, the 
second best seller, has negligible 
red sensitivity so that it should re- 
quire no filter to remain unaffected 
by the reddish cathode glow. 

No hard feelings, of course. What 
if a product naming committee of a 
large manufacturing firm does de- 
vise a word like “Linagraph” as a 
trade-mark to cover the firm’s whole 
diverse group of instrument-record- 
ing films and papers? Users of the 
products who find that word on 
non-red-sensitive film or paper can 
hardly be blamed for using it to 
identify these materials when writ- 
ing for colleagues about their use. 
On the contrary, they ought to be 
thanked and hereby are. 


For nothing more than the trouble 
of writing Eastman Kodak Company, 
Graphic Reproduction Division, Roch- 
ester 4, N. Y., anyone can get a pam- 
phlet that gives all the tedious but helpful 
facts about Kodak Linagraph Films 


and Papers. 
dak 
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INOCULATING 
INSTRUMENT 


Designed to reduce the labor required for 
mass inoculation. It is not necessary to refill 
the syringe, as the total volume that may 
be injected is governed not by the capacity 
of the syringe, but by the capacity of the 
vaccine bottle or vial. 


The use of a bacterial filter permits only 
sterile air to displace the fluid removed from 
the vaccine bottle. The foot injection ap- 
paratus permits a greater dexterity of oper- 
ation to the operator. Fixed amounts of 
fluid may be injected without need of peri- 
odically observing the volumes in the in- 
oculating instrument. 


Catalog No. 49-718 $85.00 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 


BIND °EM... 
and you'll 
find them! 


Keep your copies of SCIENCE always available for quick, 
easy reference in this attractive, practical binder. Simply 
snap the magazine in or out in a few seconds—no punch- 
ing or multilating. It opens FLAT—for easy reference and 
readability. Sturdily constructed—holds 26 issues. 


This beautiful maroon buckram binder stamped in gold 
leaf will make a fine addition to your library. — 75 
postpaid (personal check or M r please) . 
Name, 75¢ extra—year of issue, extra. ORDER 
YOURS NOW! 


SCIENCE @ 1515 Mass. Ave., N.W., Washington 5, D. C. 


there Here are eight 
must be distinct reasons 
a reason Haemo-Sol 


is the preferred 
cleaner for labora- 
tory glassware. 


* Completely Soluble 
* Leaves No Residue 


labor Saving No-Scrus | Fully Haemo-Digestive 


oot a 

Ped forLabaratory 

Apporatus and 


* Lower Surface Tension 

* Scientifically Formulated 
* Controlled pH 

* Multiple Laboratory Uses 
* Greater Economy 


CONIPAN 


Strest, Mew Yo* 


for literature and samples 
write today to: 


MEINECKE & COMPANY, INC. 


225 Varick St. . New York 14, N. Y. 
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takes 3 years and $1,000,000 


You need lots of weapons to fight the 82,000 
kinds of insects that cost farmers one billion 
dollars annually. 

The search for the perfect insecticide goes 
on continually. And a tricky search it is. A new 
compound, probably a hydrocarbon, might kill 
insects but it might also harm crops. Or be 
toxic to humans. 

Finding out generally takes 90% of the esti- 
mated million dollars spent in developing a new 
insect killer. The money goes for initial re- 
search, laboratory and field testing, toxicity 
tests, checking residue and effects on flavor, 
growth and appearance. If a new control passes 
these checks, laboratories work out proper 
formulations. 

You can see how vital the laboratory is to 
modern agriculture. The many firms in this 
work are turning up new insecticides, herbicides 
and fungicides at a steady rate. 

Pyrex laboratory ware is especially helpful 
in work of this kind. It gives you maximum 
control over critical sensitivity because its extra- 
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PYREX® laboratory ware 


ordinary chemical stability keeps delicate chemi- 
cals safe from contamination. Chemical stability 
plus mechanical and thermal strength match the 
utility of PYREX ware to a wide range of tasks; 
make it the most economical laboratory ware 
you can buy. 

You can get exactly the PyREx apparatus you 
need from your laboratory supply dealer. For 
accuracy, dependability, economy—standardize 
on PyREX ware. 


Corning Glass Works 
Corning New York 
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Outstanding 


McGRAW-HILL BOOKS 


AUTOMATIC FEEDBACK CONTROL 
SYSTEM SYNTHESIS 


By JoHN G. TRUXAL, Polytechnic Institute of 
Brooklyn. McGraw-Hill Electrical and Electronic 
Engineering Series. 694 pages, $12.50 


Here is a complete, up-to-date presentation of the 
methods useful in the design of feedback systems. It is 
the first advanced and complete treatment of servo- 
mechanisms and feedback system design, and places a 
solid theoretical foundation under the elementary 
design techniques. The highly developed theories of 
the design and synthesis of linear systems are covered 
in detail, and the book concludes with an introduc- 
tion to the analysis and design of nonlinear systems. 
The mathematical methods underlying the theory of 
feedback systems are developed and utilized as 
tools in effecting this synthesis. Examples are worked 
out in detail for each of the theoretical developments 
presented. 


INSTRUMENT ENGINEERING 


Volume II1: APPLICATIONS OF THE INSTRU- 
MENT ENGINEERING METHOD. In press 


By C. S. DRAPER, W. McKay, and S. LEEs, Massa- 
chusetts Institute of Technology. McGraw-Hill Pub- 
lications in Aeronautical Sciences 


Made up of examples that use the materials of 
Velumes I and II for representing instrument engi- 
neering situations and finding solutions for the mathe- 
matical forms involved. In each example the physical 
interpretation of the solution is discussed in terms of 
important factors of the original problems. The 
examples are based on those in the field of measure- 
ment control. The illustrations are chosen so that they 
demonstrate the application of the instrument engi- 
neering procedure pattern to practical problems and 
also provide immediately available quantitative in- 
formation on a considerable number of commonly 
used components and systems. 


TRANSMISSION-LINE THEORY 


By RONALD W. P. KING, Harvard University. In 
press 


For graduate level courses and reference use, this text 
presents a thorough treatment on an advanced level 
of the theory of transmission lines. It deals essen- 
tially with radio-frequency transmission lines and 
with the steady-state problem. The quality of the 
manuscript is high; the subject is covered with con- 
siderable detail; and the text and illustrations are 
clearly done with great care. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street + New York 36, N. Y. 
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Meetings & Conferences 


July 

11-17. International Symposium on General Relativity, 
Bern, Switzerland. (H. A. Barton, International Union 
of Pure and Applied Physics, 57 E. 55 St., New York 
22.) 

13-17. International Seaweed Symposium, 2nd, Trond- 
heim, Norway. (ISS, c/o T. Braarud, Blindern, Oslo.) 

15-22. Assoc. Francaise pour !’Avancement des Sciences, 
Caen, France. (Mile. Henri-Martin, Secrétaire, 28 rue 
Serpente, Paris 6¢.) 

18-23. International Assoc. of Applied Psychology, Lon- 
don, England. (C. B. Frisby, Natl. Inst. of Industrial 
Psychology, 14 Welebeck St., London, W. 1.) 

18-23. International Water Supply Cong., 3rd, London, 
Eng. (L. Millis, 34 Park St., London, W.1.) 

20-28. International Union of Pure and Applied Chem- 
istry, Zurich, Switzerland. (R. Morf, Sec. Gen., IUPAC, 
Zurich 1.) 

23-29. International Soe. of Surgery, 16th cong., Copen- 
hagen, Denmark, (E. A. Graham, 600 S. Kingshighway, 
St. Louis, Mo.) 

25-30. International Anatomical Cong., Paris, France. 
(G. Cordier, 3 Square Alboni, Paris 16¢.) 

26-29. American Malacological Union, Staten Island, 
N. Y. (Mrs. M. C. Teskey, P.O. Box 238, Marinette, 
Wis.) 

28-30. Colloquium on Biochemical Problems of Lipids, 
2nd, Univ. of Ghent, Belgium. (R. Ruyssen, St. Jausvest 
12, University of Ghent, Belgium.) 


August 

1-5. International Cong. of Plastic Surgery, Stockholm 
and Uppsala, Sweden. (J. F. Larsen, 12, Kristianiagade, 
Copenhagen Denmark.) 

1-6. International Cong. of Biochemistry, Brussels, Bel- 
gium. (C. Liebeeq, 17 Place Deleour, Liége, Belgium.) 

8-7. International Meeting of Neurobiologists, Groningen, 
Netherlands. (J. A. Kappers, Dept. of Anatomy and 
Embryology, Oostersingel 69, Groningen.) 

5-6. Pennsylvania Academy of Science, University Park, 
Pa. (K. Dearolf, Public Museum and Art Gallery, Read- 
ing, Pa.) 

6-7. Linguistic Soe. of America, Washington, D.C. (A. A. 
Hill, 1719 Massachusetts Ave., NW, Washington, D.C.) 

8-10. Inst. of Aeronautical Sciences, Seattle, Wash. (S. P. 
Johnston, IAS, 2 E. 64 St., New York 21.) 

12-17, Canadian Teachers’ Federation, Ottawa. (G. G. 
Croskery, 444 MacLaren St., Ottawa, Ont.) 

15-18. American Veterinary Medical Assoc., Minneapolis, 
Minn. (J. G. Hardenbergh, 600 S Michigan Ave., Chi- 
cago 5, Ill.) 

15-19. American Institute of Electrical Engineers, Pacific 
general, Butte, Mont. (N. S. Hibshem, 33 W. 39 St., 
New York 18.) 

15-19. American Soc. of Agronomy and the Soil Science 
Soe. of America, joint meeting, Davis, Calif. (L. G. 
Monthey, 2702 Monroe St., Madison 5, Wis.) 

15-20. International Dental Federation, 43rd annual, 
Copenhagen, Denmark. (W. R. Klausen, 1 Alham- 
bravey, Copenhagen V.) 

17-24. Australian and New Zealand Assoc. for the Ad- 
vancement of Science, 31st, Melbourne, Australia. (J. 
R. A. MeMillan, ANZAAS, Science House, 157 Glou- 
eester St., Sydney, N.S.W., Australia.) 


(See issue of 20 May for more comprehensive listings.) 
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, & will want to know more about the new 
aerodynamic guard bowl ventilating system— 
the new stainless steel interior — the stainless 
steel auxiliary cover that saves valuable bench 
space — the electric tachometer — the electric 
time clock — the unique air-filtering system— 
the spring-loaded hinge — the new vibration 
dampening system which results in smooth 
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INTERNATIONAL | EQUIPMENT COMPANY 


1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. | 


FOR THE 


odern Laboratory 


The new INTERNATIONAL MODEL U is 
more than just a Centrifuge in a 
cabinet. International’s experienced 
engineering has produced a Centrifuge 
with years-ahead features and 
unmatched performance. 


operation without the “shaker” action of 
over-flexible mountings — the versatility of 84 
interchangeable accessory combinations. 

Let us tell you more about this completely 
new Centrifuge, handsomely designed to fit in 
with your wall counters and cabinets. Write 
for Bulletin J explaining all these features in 
detail. 
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PERSONNEL PLACEMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
Msboregertes. and research foundations in the S. 

76 foreign countries — at a very low cost 

CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 

DISPLAY: Rates listed below—no ry e for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

Single insertion $19.50 per inch 

7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 

For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


|| POStT1ONS wanreD |i 


Associate to Technical Director for Administration. Experience 
with Research and Development. Box 168, SCIENCE. x 


(a) Bacteriolo ist well qualified medical microbiology; Ph.D.; four 
years’ researc university department of medical microbiology. 
(b) Parasitologist, Ph.D.; well trained malariology and _ related 
rotozoan diseases ; five years, on staff research institution. Medical 
ureau (Burneice Larson, Director) Palmolive Building, Cn 


Biologist, Ph.D. (Zoology), B.S. (Botany), Specializing in Cytol- 
ogy, mbryology, with teaching and research aeeeee, publica- 
tions, desires teaching position. Box 125, SCIEN E.O.W. tf 


Mathematical Statistician, broad range of experience; publications. 
Box 170, SCIENCE. x 


M.S., Ph.D. (Biochemistry-Microbiology), 3 years medical school, 
B.S. (Food Chemistry). At present, technical director medium 
sized pharmaceutical manufacturer, charge of research and develop- 
ment and control. Interested position with future, pharmaceutical 
or food industry or research institution. Adaptable, age 35. Box 
SCIENCE. x 


{a) Pharmacologist; Ph.D.; 2 years, director of pharmacology, 
iarge laboratory; 2 years senior fellow in pharmacology, research 
institute; seeks directorship, pharmacological research unit; admin- 
istrative position, pharmaceutical industry. (b) Biochemist; Ph.D., 
Columbia; 10 years experience, two as chief, microbiology branch, 
army nutrition laboratory; now chief biochemist, 1000-bed hospital ; 
hospital, research, or industrial appointment considered, Woodward 
Medical Personnel Bureau, 185 N. Wabash, Chicago. x 


Virologist; Ph.D., extensive academic and field experience in CNS 
infections; viruses, immunology, microbiology, tissue cultures, 
parasitology desires academic—research position. Experienced in- 
vestigator, teacher, laboratory, Interested fundamental_ research 
and teaching undergraduate, graduate levels. Box 164, wx 


POSITIONS OPEN 


Anatomy Department, Dalhousie University, Halifax, Nova Scotia, 
Canada. Applications are invited for an assistant and associate 
professor in the Department of saatemee. Experience in ——— 
of Gross pantemy is essential and a working knowledge of Histo 
ogy and Embryology desirable. Candidates with an honors degree 
in medical science or biology will receive special consideration, 
although a medical degree is regarded as an important asset. 
Minimum salary for science graduates for position of assistant pro- 
fessor $4,800.00, for associate professor $5,700.00. Salaries above 
these minima will depend on experience and medical qualifications. 
Applications to be made to Professor R. L. de C, H, Saunders, 
at the above address. 5/6; 6/10; 7/8 


Biochemist, organic chemistry background, young Ph.D., male or 
female, familiar with tracer techniques, sostabaiiten isolation, whole 
animals or isolated tissues. Philadelphia area. September, 1955. 
Submit minimum salary and qualifications. Research institute. 
Box 167, SCIENCE. x 


(a) Biochemist; M.S. with technician training; private laboratory, 
Board Pathologist; university city. (b) Senior Bacteriologist; 
M.S., equivalent experience ; 400 bed tuberculosis hospital affiliated 
important medical school; opportunity continue education; Mid- 
East. (c) Biochemist; Ph.D.; aid in expanding diagnostic labora- 
tory facilities, 150 bed general hospital; supervise technical chem- 
istry procedures, teach technicians and interns; research, publica- 
tions encouraged; MidEast. (d) Zoologist; chairman, universit 
department ; professorship ; excellent departmental facilities; Mid- 
western University, enroliment 5,000; $7,000 for nine months. 
Woodward Medical Personnel Bureau, 185 N. Wabash, Chicago. X 


(a) Biochemical endocrinologist ; research in cortisone metabolism, 
other medical projects; opportunity faculty appointment ; medical 
center, Midwest. (b) Physiologist; university having enrollment 
5000; duties: developing research in field of choice, teaching about 
twelve hours weekly; rank, salary, dependent qualifications; Mid- 
west. (c) Chemist, analytical or physical; well known laboratory 
engaged in practical research; opportunity medical school faculty 
appointment. (d) Bacteriologist qualified microbiology; faculty 
appointment, liberal arts college; rank: assistant professor; Pacific 
Coast. (e) Clinical psychologist ; industrial company; East. S6-2 
Medical Bureau (Burneice Larson, Director) Palmolive Building, 
Chicago. 


Biologist, to work with tissue transplantation and animal genetics ; 
Seo for personal research; write Director, R.P.M.I., 
Im Street, Buffalo 3, New York. 6/10, 17 


Chemist, M.S., or Ph.D., interested in mineral metabolism research 
and trained in ‘isotopes. New York City. Box 171, SCIENCE. X 


Coders and Abstractors—Ph.D. or M.S. in Physiological Sciences 
to cover assignments in world literature on drugs and cardiovascular 
system, Full or part-time work at home near good medical library. 

oreign language knowledge preferred. Box 160, SCIENCE. 6/10 


Industrial Pharmacologist. Pharmacologist with industrial experi- 
ence to direct pharmacological investigations including research, 
screening program and control procedures in an industrial research 
laboratory. iddlewest location. Salary commensurate with quali- 
fications and experience. Box 165, SCIENCE. 


Literature Chemist—M.S. in biochemistry with minor in organic 
chemistry to assist senior scientist in literature searching, abstract- 
ing and evaluation of scientific data, Reading knowledge of scien- 
tific French and German. Age 24 to 35. Comprehensive benefit 
aoe. Send Sompiete information of education and experience. 

ox 149, SCIENCE, 6/3, 10 


Pathologist: To do research exe A and some routine examina- 
tion of animal tissue in ethical armaceutical firm. Location 
Metropolitan New York. Box 163, SCIENG E. 6/10, 17 


Physiologists—Instructor $3600. Associate Professor $6500, to 
teach Human ai yeiology eastern university. Time and facilities 
for research. Mail complete Vita to Box 172, SCIENCE xX 


Physiologist—Ph.D. in physiology with interest or experience in 
neurophysiology to serve as member of research project team in 
evaluation of scientific data for research and development division 
of Pharmaceutical firm. Send complete record of education and 
experience. Box 169, SCIENCE. 


VIROLOGIST 


Ph.D. level, background in biochemical 
aspects of tissue culture; chemotherapy. 
Prominent North Jersey Pharmaceutical 
| ScrkNt Send curriculum vitae Box 166, 


SCIENCE. 
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—The MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad 

DISPLAY: Rates listed below—no charge for Box Number. 

onthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 
Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year Hay per inch 
52 times in 1 year 12.50 per inch 

For PROOFS on display ads, copy must reach SCIENCE 4 

weeks before date of issue riday of every week). 


BOOKS AND Macazanes 
WANTED TO PURCHASE ... 


PERIODICALS } 
SCIENTIFIC sooxs and smaller 
WALTER j. JOHNSON e@ 125 East 23rd St., New York 10, N. Y. 


Sets and runs, foreign 
and domestic. Entire 


Your sets and files of scientific journals 


are needed by our library and institutianal customers. Please send 
us lists and description of periodical files you are willing to sell 
at high market prices. Write Dept. A3S, J. S. CANNER, INC. 
Boston 19, Massachusetts 


BACK NUMBER PERIODICALS— Bought and Sola 


@ Tell us what you want?—What have you to offer? 


Abrahams Magenine Service 2 DEPT. P, 56 E. 13th ST. 
stablished 1889 NEW YORK 3, N. Y. 


|| PROFESSIONAL SERVICES 


ANALYSIS OF AMINO ACIDS 


SHANKMAN LABORATORIES 


2023 SANTA FE AVENUE, LOS ANGELES 21, 


CALIFORNIA 


LABORATORY SERVICES 


FOUNDATION, Project research and consultation in Bio- 
chemistry, Chemistry, Bacteriology and En- 
tomology 


Mineral determinations including sodium and fluor- 


ine * Proximate analyses ® Vitamin and amino 
acid assays ® Food chemistry and microbiology * 
Enzyme investigations 


Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P.O. BOX 2059-V MADISON |, WISCONSIN 


WANTED: BOOK MANUSCRIPTS 


A publisher with high standards will be happy to read your 

manuscript on any subject, scientific or general. Intelligent 

editing, emphasis on book sales, a fair, honest cooperative 

contract if your work is acceptable. Write, or mail your 

manuscript directly, without obligation. 
GREEN BOOK PUBL INC, 
Atten. MR. H AVE. 

NEw YORK 17, N. er 


it PROFESSIONAL SERVICES 


Wi 


BOOK MANUSCRIPTS INVITED 


Write for Booklet telling we can publish 
your book. welcome. 


VANTAGE Inc. e 120 W. New York 1 
In Calif.: 6253 Hollywood Blvd., Hollywood 28 


& 


PHARMACOLOGICAL - BACTERIOLOGICAL - CHEMICAL 


SUPPLIES AND EQUIPMENT 


=ALBINO RATS 


Our mass production methods insure 
greatest uniformity and consistency 
Price list on request 
DAN ROLFSMEYER CO. @ Phone 6-6149 
Route 3, Syene Road, Madison, Wisconsin 


weight groups. 


Rt. 4, Box 205 


HOLTZMAN RAT COMPANY 


. We offer immediate delivery of superior albino rats, both sexes, in close age and 


. Our rats conform to Pharmacopoeic standards in regard to Vit. A& D work and 
have 98% “takes” of tumor implants. 


Madison 5, Wisc. 


Phone: Alpine 6-5573 


10 June 1955 
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[= MARKET PLACE 


SUPPLIES AND EQUIPMENT | 


SUPPLIES AND EQUIPMENT 


Phone CEdar 3-5318 


SPRAGUE - DAWLEY, INC. 
PIONEERS IN THE DEVELOPMENT OF THE STANDARD LABORATORY RAT. 


All shipments made from our new modern, quarantined colony. 


SPRAGUE-DAWLEY, INC. - P. O. BOX 2071 


Madison, Wisconsin 


GERMAN CAMERAS and special equipment for micro- and technical photography 
or for the hobbyist. Import your own. Save retailers, importers profits. (About 
35%.) Pay Postman duty. Examples :— 

1955 EXAKTA. The only completely versatile 35mm. camera. With: 


Preset diaphragm Zeiss Tessar F3.5 $139. (duty $18.30) 
Automatic diaph. Isco Westanar F2.8 $139. (duty $19.) 
Automatic diaph. Schneider Xenon F1.9 $195. (duty $26.) 
CONTAFLEX. (1955 Zeiss) Tessar F2.8 $ 99. (duty $10.) 


RETINA IIIc (Light-scale model) Xenon F2.0 $112. (duty $12.) 
Similar prices all other famous makes, All new. Latest 1955 production in 
original factory packing. Parcelpost and insurance included. No other charges. 
Pre-payment through bank and inspection on arrival guarantees you complete 
satisfaction before we are paid. Experienced, (and objective) advisory service, 
(please specify interests and requirements) and price lists by return airmail. 
All transactions on money-back basis. WORLDPOST. TANGIER, MOROCCO. 


MOUNTING 
MEDIUM 


the choice coverglass adhesive withs 


higher refractive index * hardens a 
Sample? .. . Of course, just write 


cuwauncer 


YORK 


POLARIMETER TUBES & ACCESSORIES 


SEMI-MICRO MICRO POLARIMETRY 
& INVERSION TESTS 


for List PT-14 


O. C. RUDOLPH & SONS 


Manufacturers of Optical Research & Control Instruments 
P.O. BOX 446 CALDWELL, N. J. 


ALBINO “tom ste tend o 


the veterinarian 
HYPOPHYSECTOMIZED RATS to research” 
*Descendants of the Sprague-Dawley 
and Wistar Strains 


HENRY L. FOSTER, D.V.M. 
President and Director 
THE CHARLES RIVER BREEDING LABS. 
Wilmington, Mass. 


@ RARE 
STAINS 
Price list on Request 
loor St., W. 
STARKMAN Biological Laboratory © Toronto. Canada 


Breeders of 


Box 22A, Flanders, New Jersey 


Phone Justice 4-7580 


14 COMPOUNDS 


comprehensive list 


RESEARCH SPECIALTIES CO 


1148 Walnut St., Berkeley 7, Calif. 


CONSISTENT RATS & MICE 


All animals antibiotic free 


BUDD MT. RODENT FARM 
CHESTER, N. J. 


Breeders of a recognized strain 
of Wistar rats and W. S. mice 


THE GME TRANSFERATOR MAKES 
ONE SPECTROPHOTOMETER 
DO THE WORK OF FOUR! 


write for details 
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